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SUMMARY OF PROCEED'NGS OF THE 53rd 
ANNUAL MEETING 


Tue 53RD ANNUAL CONVENTION of the American 
Foundrymen’s Society was held in St. Louis, May 2 to 
5, 1949. Exhibits were not staged this year. This is in 
compliance with the A.F.S. policy of staging exhibits 
only every other year. 

Credit for the cordial reception and hospitality ex- 
tended to those in attendance is given to the St. Louis 
Chapter of A.F.S. under the general chairmanship oi 
C. R. Culling, Carondelet Foundry Co. and co-chair 
manship of E. J. AuBuchon, M. A. Bell Co. This com- 
mittee did an outstanding job in its splendid work and 
hospitality as host to the large number of members 
and guests attending. 

There were 31 technical sessions during which over 
60 papers were presented. There were six Shop Course 
sessions. A Round-Table Luncheon was sponsored by 
each Division. Meetings were held at the Jefferson, 
DeSoto and the Statler Hotels. Perhaps the most out- 
standing session during this Convention was the one 
on Nodular Graphite Gray Iron which attracted well 
over 1000 foundrymen. The Charles Edgar Hoyt Lec- 
ture was delivered by Mr. John Howe Hall who spoke 
on “Steel Castings in Welded Assemblies.” 

A summary of the sessions which were held follows: 


ALUMINUM AND MAGNESIUM SESSION 
Monday, May 2, 10:00 A.M. 
Presiding—A. W. Stolzenburg, Aluminum Company of Amer- 
ica, Detroit. 
Co-Chairman—T. E. Kramer, 
Dayton, Ohio. 
Metallography of Aluminum Casting Alloys—A. M. Mont- 
gomery, Aluminum Company of America, Cleveland. 
Metallography of Cast Magnesium Alloys—P. F. George, Dow 
Chemical Company, Midland, Mich. 


Acme Aluminum Alloys, Inc., 


BrAss AND BRONZE SESSION 
Monday, May 2, 10:00 A.M. 

Presiding—E. W. Horlebein, Gibson & Kirk Co., Baltimore. 

Casting Finish—H. H. Fairfield and J. MacConachie, Wm. Ken- 
nedy & Sons, Ltd., Owen Sound, Ont. 

Effects of Melting Atmosphere, Time at Temperature and 
Degasification on Properties of Valve Bronze—W. H. Baer and 
B. M. Loring, Naval Research Laboratories, Washington, D. C. 

Practical Melting and Its Relation to Gases in Metal—O. EF. 
Decker, Acheson Manufacturing Co., Pittsburgh. 


MALLEABLE SESSION 
Monday, May 2, 10:00 A.M. 

Presiding—J. A. Durr, Albion Malleable Iron Co., 
Mich. 

Co-Chairman-H. L. 
eph, Mich. 

Effects of Temperature and Silicon Content on First Stage 
Annealing of Blackheart Malleable Iron—J. EF. Rehder, Canadian 
Bureau of Mines, Ottawa. 

Surface Hardening of Pearlitic Maileable Iron—Progress Re- 
port, Malleable Research Project—S. H. Bush, W. P. Wood and 
F. B. Rote, University of Michigan, Ann Arbor. 


Albion, 


Day, Auto Specialties Mfg. Co., St. Jos- 


ALUMINUM AND MAGNESIUM RouND TABLE LUNCHEON 
Monday, May ‘2, 12:00 Noon 
Presiding—R. F. Thomson, International Nickel Co., Detroit. 
Co-Chairman—W. E. Sicha, Aluminum Company of America, 
Cleveland. 
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Fluid Flow in Transparent Molds—Progress Report and Mo- 
tion Picture, Aluminum and Magnesium Research Project—R. 
E. Swift, J. H. Jackson and L. W. Eastwood, Battelle Memorial 
Institute, Columbus, Ohio. 


BrAss AND BRONZE SESSION 
Monday, May 2, 2:00 P.M. 

Presiding—H. J. Roast (Retired—Canadian Bronze Co., Ltd.), 
Montreal. 

Co-Chairman—W. Romanoff, H. Kramer & Co., Chicago. 

Gas Fired. Melting of Copper Base Alloys in a Reducing At- 
mosphere—D. C. Caudron, Pacific Brass Foundry, San Francisco. 

The Problem of Gases in the Indirect Are Furnace—M. G. 
Dietl, Crane Co., Chicago. 


MALLEABLE SESSION 
Monday, May 2, 2:00 P.M. 

Presiding—W. D. McMillan, International Harvester Co., Chi- 
cago. 

Co-Chairman—R. P. Schauss, Illinois Clay Products Co., Chi- 
cago. 

Influence of Type of Slag on Heat Treatment Susceptibility 
of Malleable Iron—G. A. Vennerholm and H. N. Bogart, Ford 
Motor Co., Dearborn, Mich. 

Influence of Heating Rate on First Stage Graphitization of 
White Cast Tron—R. Schneidewind, University of Michigan, Ann 
Arbor, and D. J. Reese, International Nickel Co., New York. 


MALLEABLE SESSION 
Monday, May 2, 4:00 P.M. 

Presiding—C. F. Joseph, Central Foundry Division, G.M.C., 
Saginaw, Mich. 

Co-Chairman—C, F. Lauenstein, Link-Belt Co., Indianapolis. 

Some Effects of Deoxidation Treatments on Graphitization of 
White Casi Iron—R. W. Heine, University of Wisconsin, Madi- 
son. 

Influence of Silicon Content on Critical Temperature Range 
Dvzving Slow Cooling of Blackheart Malleable Iron—J. E. Rehder, 
Canadian Bureau of Mines, Ottawa. 


BRAss AND BRONZE SESSION 
Monday, May 2, 4:00 P.M. 

Presiding—H. M. St. John, Crane Co., Chicago 

Co-Chairman—B. M. Loring, Naval Research 
Washington, D. C. 

Graphite Resistor Furnace Melting Practice—B. N. Ames and 
N. A. Kahn, New York Naval Shipyard, Brooklyn. 

Melt Quality and Fracture Characteristics of 85-5-5-5 Red 
Brass—Brass and Bronze Research Progress Report—J. P. Ewing, 
C. Upthegrove, and F. B. Rote, University of Michigan, Ann 
Arbor. 


Laboratories, 


EDUCATIONAL DINNER 
Monday, May 2, 6:30 P.M. 
Presiding—F. G. Sefing, International Nickel Co., New York. 
Co-Chairman—A. W. Gregg, Whiting Corporation, Harvey, Ill. 
How to Interest Our Youth in The Foundry Industry—Dis- 
cussion by E. E. Greene, Indianapolis Public Schools, and F. B. 
Skeates, Link-Belt Co., Chicago. 


Gray IRON SHop Course 
Monday, May 2, 8:00 P.M. 
Presiding—K. H. Priestley, Vassar Electroloy Products, Inc., 
Vassar, Mich. 
Co-Chairman—N. L. Peukert, Carondelet Foundry Co., St. 
Louis. 
Subject—Carbon Trends in Gray Iron. 
Discussion Leader—W. W. Levi, Lynchburg Foundry Co., Rad- 
ford, Va. 
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SAND SHOP CourRsE 
Mondav, May 2, 8:00 P.M. 

Presiding—R. H. Jacoby, The Key Company, East St. Louis, 
Ill. 

Co-Chairman—L. A. Kleber, General Steel Castings Co., Gran- 
ite City, Il. 

Subject—Causes of Penetration in Steel Castings. 

Discussion Leader—E. E. Woodliff, Foundry Sand Service En- 
gineering Co., Detroit. 


HEAT TRANSFER SESSION 
Tuesday, May 3, 10:00 A.M. 
Presiding—J. B. Caine, Sawbrook Steel Castings Co., Lockland, 
Ohio. 
Comparative Solidification Studies—Progress Report, Heat 
Transfer Research, V. Paschkis, Columbia University, New York. 
The Foundryman and Heat Transfer—V. Paschkis, Columbia 
University, New York. 


MALLEABLE SESSION 
Tuesday, May 3, 10:00 A.M. 

Presiding—M. Tilley, National Malleable & Steel Castings 
Co., Cleveland. 

Co-Chairman—E. Welander, Union Malleable Iron Works, 
Deere & Co., East Moline, Il. 

Controlled Atmosphere Annealing of Malleable Iron—Com- 
mittee Report, R. P. Schauss, Illinois Clay Products Co., Chi- 
cago. 

Maintenance in a Mechanized Foundry—C. T. Luther, Central 
Foundry Division, G.M.C., Saginaw Malleable Foundry, Saginaw, 
Mich. 


ALUMINUM AND MAGNESIUM SESSION 
Tuesday, May 3, 10:00 A.M. 

Presiding—C. E. Nelson, Dow Chemical Co., Midland, Mich. 

Co-Chairman—W. T. Bean, Jr., Consultant, Detroit. 

Designing Magnesium Castings for Aircraft Engines—M. H. 
Young and A. G. Slachta, Wright Aeronautical Co., Wood Ridge, 
N. J. 

Bits of Light Metal Castings—G. H. Found, Dow Chemical 
Co., Midland, Mich. 


BRAss AND BRONZE SESSION 
Tuesday, li zy 3, 10:00 A.M. 

Presiding—A. K. Higgins, Allis-Chalmers Mfg. Co., Milwaukee. 

Co-Chairman—H. F. ‘Taylor, Massachusetts Institute of Tech- 
nology, Cambridge. 

Effect of Composition on Properties and Structure of Cast 
Monel—J. T. Eash and T. E. Kihlgren, International Nickel Co., 
Bayonne, N. J. 

Recent Developments in Theory and Practice of Insulating 
Sleeves, Pads, and Risers for Non-Ferrous Casting—K. A. Mier- 
icke, U. S. Gypsum Co., Chicago. 4 


Brass AND BRONZE RouNb TABLE LUNCHEON 
Tuesday, May 3, 12:00 Noon 

Presiding—B. A. Miller, The Baldwin Locomotive Works, 
Philadelphia. 

Co-Chairman--H. L. Smith, Federated Metals Div., American 
Smelting & Refining Co., Pittsburgh. 

Subject—Some Practical Applications of the Fundamental 
Principles of Melting, Pouring and Casting of Tin Bronzes. 

Discussion Leaders—Melting— H. M. St. John, Crane Co., Chi- 
cago. Pouring—L. W. Eastwood, Battelle Memorial Institute, 
Columbus, Ohio. Gates & Risers—G. Bradshaw, Philadelphia 
Naval Shipyard, Philadelphia. 


MALLEABLE RouNp TABLE LUNCHEON 
Tuesday, May 3, 12:00 Noon 

Presiding—J. H. Lansing, Malleable Founders’ Society, Cleve- 
land. 

Co-Chairman—A. M. Fulton, Northern Malleable Iron Co., St. 
Paul, Minn. 

Subject—Reduction of Losses Due to Cracks or Tears. 

Discussion Leaders—R. J. Anderson, Belle City Malleable Iron 
Co., Racine, Wis., and B. C. Yearly, National Malleable & Steel 
Castings Co., Cicero, Ill. 
Subject—/mproved Malleable Melting Refractories. 
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Discussion Leaders—M. J]. Henley, Texas Foundries, Inc., Luf- 
kin, and F, Czapski, Chicago Malleable Castings Go., Chicago. 


SAND SESSION 
Tuesday, May 3, 2:00 P.M. 

Presiding—C. B. Jenni, General Steel Castings Corp., Eddy- 
stone, Pa. 

Co-Chairman—T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Plastic Binders for Foundry Sand Practice—H. K. Salzberg, 
The Borden Co., Chemical Division, Bainbridge, N. Y. 

Elevated Temperature Properties of Steel Molding Sands— 
Progress Report, Research Project—John Fraser, Cornell Uni- 
versity, Ithaca, N. Y. 

Causes of Rat-Tail Defects—Committee Report, H. W. Dietert, 
Harry W. Dietert Co., Detroit. 


ALUMINUM AND MAGNESIUM SESSION 
Tuesday, May 3, 2:00 P.M. 

Presiding—R. A. Quadt, Federated Metals Div., American 
Smelting & Refining Co., Perth Amboy, N. J. 

Co-Chairman—A. J. Juroff, Bendix Products Div., Bendix 
Aviation Corp., South Bend, Indiana. 

Correlation of Cooling Curve Data with Casting Characteris- 
tics of Aluminum Alloys—E. E. Stonebrook and W. ‘E. Sicha, 
Aluminum Company of America, Cleveland. 

Fluxing of Aluminum Alloys—Committee Report, H. Brown, 
Solar Aircraft Company, Des Moines. 

Grain Refining of Aluminum Alloys and Its Effect on Physi- 
cal Properties—W. Bonsack and O. Tichy, Apex Smelting Co., 
Cleveland. 


PATTERN SESSION 
Tuesday, May 3, 2:00 P.M. 

Presiding—A. F. Pfeiffer, Allis-Chalmers Mfg. Co., Milwaukee. 

Co-Chairman—H. K. Swanson, Swanson Pattern & Model 
Works, East Chicago, Indiana. 

Information Needed to Produce Satisfactory Pattern Equip- 
ment—R. G. Christensen, Wisconsin Pattern Works, Racine, Wis. 

Maintenance of Wood and Metal Patterns—A. Huebner, Allis- 
Chalmers Mfg. Co., Milwaukee. 


Founpry Cost SEssion 
Tuesday, May 3, 4:00 P.M. 
Presiding—R. L. Lee, Grede Foundries, Inc., Milwaukee. 
Co-Chairman—G. Tisdale, Zenith Foundry Co., Milwaukee. 
Approach to Standard Costs in the Foundry—F. Rutffolo, 
Westover Engineers, Milwaukee. 
Question and Answer Period—Cost Problems of General Inter- 
est, Method of Cost Accounting, Distribution of Costs, etc. 


REFRACTORIES SESSION 
Tuesday, May 3, 4:00 P.M. 
Presiding—R. H. Zoller, Zoller Casting Co., Bettsville, Ohio. 
Co-Chairman—R. P. Schauss, Illinois Clay Products Co., Chi- 
cago. 
Panel Discussion—Your Refractory Problems—What are They? 


Joint Session, Gray IRON AND MALLEABLE 
Tuesday, May 3, 4:00 P.M. 

Presiding—H. Bornstein, Deere & Co., Moline, Illinois. 

Co-Chairman—C. O. Burgess, Gray Iron Founders’ Society, 
Cleveland. 

Symposium—Production of Nodular Graphite Gray Iron. 

Spheroidal Carbon Cast Iron—D. J. Reese, International 
Nickel Co., New York. 

Discussion by—G. A. Vennerholm, Ford Motor Co., Dearborn, 
Mich.; R. G. McElwee, Vanadium Corp. of America, Detroit; 
C. K. Donoho, American Cast Iron Pipe Co., Birmingham, Ala. 


Time Stupy AND METHODs 
Tuesday, May 3, 4:00 P.M. 
Presiding—E. G. Tetzlaff, Pelton Steel Casting Co., Milwaukee. 
Co-Chairman—J. A. Westover, Westover Engineers, Milwau- 
kee. 
Developing Standard Data Tables for a Four-Man Molding 
Unit—M. T. Sell, Sterling Foundry Co., Wellington, Ohio. 











Viii 


CANADIAN DINNER 
Tuesday, May 3, 7:00 P.M. 
Presiding—E. N. Delahunt, Warden King, Ltd., Montreal, 
Que. 


PLANT AND PLANT EQUIPMENT 
Tuesday, May 3, 8:00 P.M. 

Presiding—J. Thomson, Continental Foundry & Machine Co., 
East Chicago, Ind. 

Co-Chairman—E. W. Beach, Campbell, Wyant & Cannon 
Foundry Co., Muskegon, . Mich. 

Modern Foundry Core and Mold Ovens—C. A. Barnett, The 
Foundry Equipment Co., Cleveland. 


Gray IRON SHop Course 
Tuesday, May 3, 8:00 P.M. 
Presiding—H. H. Wilder, Eaton Mfg. Co., Vassar, Mich. 
Co-Chairman—M. Reichert, Banner Iron Works, St. Louis. 
Subject—Inexpensive Tests for Small Gray Iron Foundries. 
Discussion Leader—W. Bohm, Buick Motor Division, G.M.C., 
Flint, Mich. 


SAND SHoPp Course 
Tuesday, May 3, 8:00 P.M. 

Presiding—Max Kuniansky, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Co-Chairman—F. S. Brewster, H. W. Dietert Co., Detroit. 

Subject—Resin Sand Cores vs. Oil Sand Cores. 
« Discussion Leader—T. W. Curry, Lynchburg Foundry Co., 
Lynchburg, Va. 


Gray IRON SESSION 
Wednesday, May 4, 10:00 A.M. 

Presiding—R. G. McElwee, Vanadium Corporation of Amer- 
ica, Detvoit. 

Co-Chairman—A. E. Schuh, U. S. Pipe & Foundry Co., Bur- 
lington, N. J. 

Effect of Boron on Structure and Some Properties of Plain 
Cast Irons—A. I. Krynitsky and H. Stern, National Bureau of 
Standards, Washington, D. C. 

Blast Humidity as a Factor in Cupola Operations—D. E. 
Krause, Gray Iron Research Institute, Inc., and H. W. Lownie, 
Jr., Battelle Memorial Institute, Columbus, Ohio. 


SAND SESSION 
Wednesday, May 4, 10:00 A.M. 

Presiding—J. A. Rassenfoss, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman—H. K. Salzberg, The Borden Co., Bainbridge, 
a. 

pH of Foundry Sands—B. H. Booth, Carpenter Bros., Inc., 
Milwaukee. 

Causes of Scab Defect—Committee Progress Report—G. F. Wat- 
son, American Brake Shoe Co., Mahwah, N. J. 

A Study of the Workable Green Strength of Core Mixtures— 
Committee Report, H. W. Dietert, Harry W. Dietert Co., De- 
troit. 


STEEL SESSION 
Wednesday, May 4, 10:00 A.M. 

Presiding—C. Locke, Armour Research Foundation, Chicago. 

Co-Chairman—C. H. Lorig, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

A New Method for Determining Austenitic Grain Size of Cast 
Steel—E. J. Eckel, University of Illinois, Urbana, and S. J. 
Paprocki, Battelle Memorial Institute, Columbus, Ohio. 

Note on As-Cast Structure and Grain Size in Cast Alloy Steels 
—E. A. Loria, Mellon Institute of Industrial Research, Pitts- 
burgh. 

Prevention of Hot Tears in Thick-Walled Centrifugally Cast 
Steel Tubes—J. F. Wallace and J. L. Martin, Watertown Ar- 
senal, Watertown, Mass. 


PATTERN RouNnD TasLe LUNCHEON 
Wednesday, May 4, 12:00 Noon 

Presiding—L. F. Tucker, City Pattern & Foundry Co., Inc., 
South Bend. 

Co-Chairman—H. K. Swanson, Swanson Pattern & Model 
Works, East Chicago, Ind. 

Shall Pattern Equipment be Machined or Cast to Size?—V. C. 
Reid, Jr., City Pattern, Foundry & Machine Co., Detroit. 





Firty-THIrp ANNUAL MEETING 
e 


ENGINEERING SCHOOL GRADUATES LUNCHEON 


Wednesday, May 4, 12:00 Noon 
Presiding—C. J. Freund, University of Detroit, Detroit, Mich. 


ANNUAL Business MEETING AND CHARLES Epcar Hoyt 
ANNUAL LECTURE 
Wednesday, May 4, 2:00 P.M. 

Presiding—W. B. Wallis, President, American Foundrymen’s 
Society. 

President Wallis called the meeting to order as the Annual 
Business Meeting of the American Foundrymen’s Society. He 
then presented the President’s Annual Address. See page xiii. 

Following this presentation President Wallis called on Secre- 
tary-Treasurer W. W. Maloney who reported on the nominations 
of Officers and Directors for the coming year and stated that no 
additional nominees had been received in accordance with the 
procedure prescribed in Art. X of the Society By-Laws. He there- 
fore cast the unanimous ballot of the membership of A.F.S. fon 
the election of the following: 

President (to serve one year): 

E. W. Horlebein, Gibson & Kirk Co., Baltimore. 

Vice President (to serve one year): 

W. L. Woody, National Malleable & Steel Castings Co., Cleve- 
land. 

Directors (tc serve three years): 

T. E. Eagan, Cooper-Bessemer Corp., Grove City, Pa. 

L. C. Farquhar, Sr., American Steel Foundries, East St. Louis, 
Til. 

V. J. Sedlon, Master Pattern Co., Cleveland. 

F. G. Sefing, International Nickel Co., New York. 

L. D. Wright, U. S. Radiator Co., Geneva, N. Y. 

Director (to serve one year): 

W. B. Wallis, Pittsburgh Lectromelt Furnace Corp., Pitts- 
burgh. 

Following announcement of elections, President Kuniansky 
introduced the newly elected Officers and Directors present. He 
then called on Secretary-Treasurer W. W. Maloney who an- 
nounced the 1949 Apprentice Contest winners as follows: 

Patternmaking Division 

Ist—John W. Burkholder, Jr., Central Pattern Co., St. Louis. 

2nd—Donald A. Siebert, Royal Pattern Works, Cleveland. 

3rd—Harlan A. Killian, Birdsboro Foundry & Machine Co., 
Birdsboro, Pa. 

Gray Iron Molding Division 

Ist—William C. Oliver, Jr., Caterpillar Tractor Co., Peoria, Til. 

2nd—Chester J. Konopinski, Fulton Foundry & Machine Co., 
Cleveland. 

3rd—Thomas H. Conrad, Fulton Foundry & Machine Co., 
Cleveland. 

Steel Molding Division 

Ist—Raymond S. Lipowski, Bucyrus-Erie Co., South Milwau- 
kee, Wis. 

2nd—Elmer E. Hollibaugh, General Metals Corp., Oakland, 
Calif. 

3rd—Robert Conner, Continental Foundry & Machine Co., 
East Chicago, Ind. 

Non-Ferrous Molding Division 

Ist—Elmer J. Turk, Wellman Bronze & Aluminum Foundry, 
Cleveland. 

‘2nd—Donald Inman, Western Aluminum Match Plate Corp., 
Cleveland. 

$rd—Edmund J. Skowronski, Ampco Metal Co., Milwaukee. 

The Society arranged to have the four first-prize winners 
present at the Convention and to receive their awards in person. 
The first-prize winners were called to the platform and Presi- 
dent Wallis presented each with the first prize, a check for 
$100.00 and an engraved Certificate of Award preceded with 
the following message: 

“The American Foundrymen’s Society is proud to recognize 
your abilities in the face of national competition. On behalf of 
the Society I want to congratulate you young men, not only for 
what you have accomplished but equally for your good sense in 
taking an active part in these activities of your industry. 

“In this audience today are hundreds of men who started as 
apprentices in the foundry. Many others entered this industry 
without the benefit of the specialized training and opportunities 
for encouragement that are yours today. And yet, many of these 
men today are known throughcut the country and even through- 
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out the world for what they have accomplished by seizing the 
opportunities which the Society has made available to them. 

“May I offer to you young men one word of advice on behalf 
of your future—by a!l means take the time and trouble to par- 
ticipate in the activities of the business or the industry you 
represent. You will make many friends. You will learn more 
as you go and, above all, you will receive that constant lift that 
comes from doing something for the other fellow while you 
benefit yourself. 

“Again, the A.F.S. congratulates you on what you have done.” 

Following presentation of Apprentice Contest awards, Presi- 
dent Wallis then introduced John Howe Halli, the 1949 Charles 
Edgar Hoyt lecturer as follows: 

“Your lecturer this afternoon is the first recipient of the 
A.F.S. John H. Whiting Gold Medal in 1924 for “outstanding 
contributions to the steel casting industry. 

“A graduate of Harvard University in 1903, he received his 
Masters Degree in the following year. During 1905 he worked 
with Prof. Albert Sauveur doing research work in the manufac- 
ture and properties of vanadium steel. 

“From 1904 to 1906 he was with the Bethlehem Steel Co. and 
in 1906 entered the employment of Taylor Wharton Iron and 
Steel Co. where he remained until 1937 when he went into prac- 
tice as a Consulting Metallurgist in New York City. This work 
was interrupted during the war to act as assistant metallurgist 
for the General Steel Castings Corp. 

“Among the many pioneering achievements of your lecturer 
are the use of intermediate manganese steel in castings, intro- 
duction of the practice of quenching and reheating of alloy 
steel, development of a welding rod for manganese steel, melting 
of ferro-manganese in the cupola, the first successful use of the 
electric furnace for melting of manganese steel and remelting 
of manganese steel scrap. 

“Your lecturer developed several new methods of producing 
alloy steels in side-blown converters, including economical means 
of incorporating nickel, vanadium and chromium in the con- 
verter process. He devised the means by which small castings 
were poured directly from a coreless induction melting furnace 
without taking current off the furnace. He was responsible for 
introducing the continuous type of heat treating of manganese 
steel castings. 

“He has for many years been active in A.F.S. and other tech- 
nical societies and is widely known as an author and speaker. 

“It is with extreme pleasure that I present to you, John 
Howe Hall, consultant to the steel foundry industry.” 

John Howe Hall then presented his paper on “Steel Castings 
in Welded Assemblies,” which begins on p. 1. 


Gray IRON SESSION 
Wednesday, May 4, 4:00 P.M. 

Presiding—T. E. Eagan, Cooper-Bessemer Corp., Grove City, 
Pa. 

Co-Chairman—R. Schneidewind, University of Michigan, Ann 
Arbor. 

Graphitizing Behavior of White Cast Iron—S. C. Massari, 
American Foundrymen’s Society, Chicago. 

Progress Report, Cupola Research—-R. G. McElwee, Vana- 
dium Corporation of America, Detroit. 

The Properties of Cast Iron in Relation to the Carbon Equiva- 
lent Value—Institute of British Foundrymen Exchange Paper— 
H. T. Angus, F. Dunn and D. Marles, British Cast Iron Research 
Association, Birmingham, England. 

Presented By—R. Schneidewind, University of Michigan, Ann 
Arbor, Mich. 


A.F.S. ALUMNI DINNER 
Wednesday, May 4, 7:00 P.M. 
Presiding—Past President, Max Kuniansky, Lynchburg Foun- 
dry Co., Lynchburg, Va. 


Gray Iron SHop Course 
Wednesday, May 4, 8:00 P.M. 
Presiding—E. J. Burke, Hanna Furnace Corporation, Buffalo 
Co-Chairman—R. Hill, East St. Louis Castings Co., East St. 
Louis, Ill. 
Subject—Sources of Metal Losses in the Foundry. 
Panel Discussion—A. Barczak, Superior Foundry Co., Cleve- 
land, N. L. Peukert, Carondelet Foundry Co., St. Louis, and W. 
C. Wine, Sibley Machine & Foundry Corp., South Bend, Ind. 













SAND SHop Course 
Wednesday, May 4, 8:00 P.M. 
Presiding—F. S. Brewster, Harry W. Dietert Co., Detroit. 
Subject—Core Sand Blowing Practices. 
Discussion Leader—H. Schutzenhoffer, The Key Company, 
East St. Louis, Ill. 


Joint Session, GRAy IRON AND STEEL 
Wednesday, May 4, 8:00 P.M. 

Presiding—H. F. Taylor, Massachusetts Institute of Technol- 
ogy, Cambridge. 

Co-Chairman—T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Colored Motion Pictures—Finger Gating and Step Gating— 
W. H. Johnson and W. O. Baker, Naval Research Laboratories, 
Washington, D. C. 


Gray IRON SESSION 
Thursday, May 5, 10:00 A.M. 

Presiding—J. S. Vanick, International Nickel Co., New York. 

Co-Chairman—G. P. Phillips, International Harvester Co., 
Chicago. 

High Silicon Cast Iron Resists Growth and Scaling—W. H. 
White, Jackson Iron & Steel Co., Jackson, Ohio, and A. R. Elsea, 
Battelle Memorial Institute, Columbus, Ohio. 

Graphitization of Gray Cast Iron by Heat Treatment—Insti- 
tute of Australian Foundrymen Exchange Paper—A. W. Silvester, 
Russell Mfg. Co. Pty., Ltd., Melbourne, Australia. 


STEEL SESSION 
Thursday, May 5, 10:00 A.M. 

Presiding—E. Berry, Dodge Steel Company, Philadelphia. 

Co-Chairman—C. Wyman, Burnside Steel Foundry Co., Chi- 
cago. 

Rapid Analysis of Acid Slags—E. C. Zuppann, Wilson Foun- 
dry & Machine Co., Pontiac, Mich., and A. E. Martin, University 
of Minnesota, Minneapolis. 

A Study of Insulating and Mildly Exothermic Antipiping 
Compounds Used for Steel Castings—S. L. Gertsman, Canadian 
Bureau of Mines, Ottawa. 


SAFETY AND HYGIENE SESSION 
Thursday, May 5, 10:00 A.M. 

Presiding—L.-C. Wilson, Reading, Pa. 

Co-Chairman—J. R. Allan, International Harvester Co., Chi- 
cago. 

Attracting and Keeping Good Men in the Foundry—G. E. Tu- 
bich, Michigan Department of Health, Grand Rapids. 

Industrial Hygiene in the Foundry—H. J. Weber, American 
Brake Shoe Co., Chicago. 


Gray Iron Rounp TaBLe LUNCHEON 
Thursday, May_5, 12:00 Noon 

Presiding—V. A. Crosby, Climax-Molybdenum Co., Detroit. 

Co-Chairmen—C. O. Burgess, Gray Iron Founders’ Society, 
Cleveland. 

Subject—Gating and Risering. 

Discussion Leaders—H. F. Taylor, Massachusetts Institute of 
Technology, Cambridge, and N. A. Birch, American Brake Shoe 
Co., Mahwah, N. J. 


STEEL Rounp TaBLe LUNCHEON 
Thursday, May 5, 12:00 Noon 
Presiding—R. H. Frank, Bonney-Floyd Co., Columbus, Ohio. 
Co-Chairmen—V. E. Zang, Unitcast Corporation, Toledo, 
Ohio, and F. O. Lemmon, Ohio Steel Foundry Co., Springfield, 
Ohio. 
Subject—Sand Testing and Its Relation to Casting Defects. 
STEEL SESSION 
Thursday, May 5, 4:00 P.M. 
Presiding—R. E. Kerr, Pettibone Mulliken Corp., Chicago. 
Co-Chairman—G. W. Johnson, Vanadium Corporation of 
America, Chicago. 
Effect of Various Deoxidizers on the Structure of Sulphide In- 
clusions—C. E. Sims, H. A. Saller, and F. W. Boulger, Battelle 
Memorial Institute, Columbus, Ohio. 
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Effect of Aluminum and Vanadium on the Toughness of High 
Hardenability Cast Steel—J. F. Wallace, Watertown Arsenal, 
Mass. 


Gray IRON SEssIon 
Thursday, May 5, 4:00 P.M. 

Presiding—W. A. Pennington, Carrier Corporation, Syracuse, 
WN. Y. 

Co-Chairman—W. W. Levi, Lynchburg Foundry Co., Radford, 
Virginia. 

Production and Consumption of Heat in the Cupola—D. W. 
Gunther, National Radiator Co., Johnstown, Pa. 

Design and Operation of a 10-Inch Cupola—D. E. Krause, 
Gray Iron Research Institute, Inc., and H. W. Lownie, Jr., Bat- 
telle Memorial Institute, Columbus, Ohio. 


ANNUAL BANQUET 


Thursday, May 5, 7:00 P.M. 

Presiding—W. B. Wallis, President, American Foundrymen’s 
Society. 

The Annual A.F.S. Dinner of the Society’s 53rd Annual Con- 
vention was called to order by President W. B. Wallis, presiding. 
Mr. Wallis read-a telegram from D. I. Cadman, President of 
Pittsburgh Foundrymen’s Association addressed to E. W. Horle- 
bein, A.F.S. President-Elect as follows: 

“My heartiest congratulations upon your election as President 
of the primary foundrymen’s association of the world. You 
have taken on a man-size job but from my experience with you 
I know the job will be well done. Best wishes to your good 
self and wife. If any of my old non-ferrous friends are remain- 
ing for the banquet please give them by regards.” 

Then President Wallis read greetings from the Institute of 
British Foundrymen, the Dutch and the Polish Technical Found- 
ry Associations and the Institute of Australian Foundrymen. 

Following the singing of the National Anthem by Miss Mar- 
cella Blaha, President Wallis introduced Past President H. S. 
Simpson, Chairman of the A.F.S. Board of Awards. After pre- 
liminary remarks, Past President Simpson introduced Past Presi- 
dent F. J. Walls who presented the Wm. H. McFadden Gold 
Medal to Gosta Vennerholm. 


PRESENTATION OF McCFApDDEN GOLD MEDAL 


Mr. Walls stated: . 

“On this occasion of the 53rd Annual Convention of A.F.S., 
it is my pleasure to present the William H. McFadden Gold 
Medal. When in 1914 A.F.S. President Alfred Howell character- 
ized the donor as a man of achievement, it became the inspira- 
tion of the sculptor Frederick C. Hibbard for his design. The 
first McFadden Medal was presented at the Syracuse Convention 
in 1925. The twelfth recipient is likewise a man of achievement, 
of many achievements, so many in fact that only mention can 
be made of a few at this time. 

“After obtaining his degree in Mechanical Engineering in 1920 
from Technical College in Stockholm, Sweden, where he was 
born in 1899, he went to Dresden, Germany, to complete his 
studies in Metallurgy and became assistant to Dr. Schwinning, 
Director of Metallurgy and Materials Testing of the Technical 
College there. He resigned in the summer of 1924 to come to 
America to study American manufacturing methods and to mas- 
ter the English language. 

His first position was in the Ford Laboratory at the Highland 
Park Plant in Michigan. Shortly, thereafter, he was transferred 
to the Henry Ford Trade School to assist in the establishment 
of Apprentice Courses in Metallurgy, Metallography, Physics, 
Electricity, etc. From here he was transferred to the Chemical 
and Metallurgical Department at the Rouge Plant where he 
organized and was placed in charge of Experimental Foundry. 

“His achievements in the ferrous castings industry are re- 
corded in the technical literature and in the many patents bear- 
ing his name as co-discoverer with the late R. H. McCarroll and 
others during his 25 years with Ford Motor Co. 

“At the present time he has the title of Supervisor of Metal- 
lurgical Research Section of the Ford Motor Co. 

In 1928 he married Esther Finch of Owosso, Mich., and they 
have two sens, Edward Sherman, age 12, and John Richard, 17. 
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“His hobbies are a continuation of those associated with his 
boyhood in Sweden in the outdoor world, and indoors he and 
his boys delight in making models and anything mechanical. 

“Gosta Vennerholm, I am happy to have been given the 
pleasure by the Board of Awards of this Society to present to 
you on their approval, and by authority of the Board of Direc- 
tors, the William H. MacFadden Gold Medal, and with it an 
honorary life membership in the American Foundrymen’s So- 
ciety. 

“The citation for this award reads, ‘for outstanding contribu- 
tions to the castings industry in the field of ferrous metallurgy 
and practice.’ : 

“Your achievements and their contributions have been our 
gain, and may they bring you prosperity and happiness for a 
long time to come.” 


RESPONSE BY Mr. VENNERHOLM 


Mr. Vennerholm graciously accepted the Wm. H. McFadden 
Gold Medal saying: 

“I was very much surprised and deeply moved when Mr. Fred 
Walls advised me some time ago that I had been selected by 
the Board of Awards as a recipient of the Wm. H. McFadden 
Gold Medal. To follow the dictates of my conscience, I can, 
however, not look upon this high honor as a personal reward, 
but rather as a recognition of the combined efforts of a group 
of men at the Ford Motor Co. and elsewhere with whom I have 
had the great fortune of being associated for many years. In 
particular do my thoughts at this moment go to the late R. H. 
McCarroll whose so untimely death a little over a year ago was 
such a tremendous loss to all of us, both at Ford and throughout 
the Foundry Industry. Without his unfailing belief in the ad- 
vantages of castings methods and his guiding hand throughout 
the years, many of the seemingly impossible problems with 
which we often were faced would have remained unsolved. I 
wish I could tonight give due credit to all those others with 
whom I would like to share this honor, but this I am afraid 
would take much more than the allotted time. I can, however, 
not let this occasion pass, without mentioning the name of 
Claude Jeter with whom I have been associated for well over 
20 years and who through his exceptional qualities has now risen 
to a top position in industry as Superintendent of our Foundry 
Operations. It is in this spirit then that I accept the Wm. H. 
McFadden Gold Medal with deep gratitude to you and the 
Board of Awards, and I shall strive to be a worthy custodian 
of the same.” 


PRESENTATION OF PETER S. Stimpson GOLD MEDAL 


Past President S. V. Wood presented the Peter S. Simpson 
Gold Medal to R. J. Anderson, Works Manager, Belle City Mal- 
leable Iron Co., Racine, Wis. “For outstanding service to the 
Society and in the public interest as Chairman of the Wisconsin 
Chapter and of the Wisconsin Centennial Foundry Committee.” 


RESPONSE BY R. J. ANDERSON 


Mr. Anderson graciously accepted the Peter S. Simpson Gold 
Medal with these remarks: 

“I feel highly honored by the award of the Simpson Medal to 
me. I am sure that the Wisconsin Chapter of A.F.S. shares in 
this appreciation. The activities of the Milwaukee Chapter and 
the program for the Wisconsin Centennial were the result of 
excellent cooperation between the various committees of this 
unit. 

“I am particularly pleased because the recognition of this 
work indicates the projects were worthwhile to the industry 
generally. A great deal of credit is due to James J. Ewens of 
Grede Foundries, who was chairman of the working exhibits of 
the Centennial, and to George E. Tisdale of Zenith Foundry 
who was chairman of the finance committee. Both of these men 
did an outstanding job. Most important, I think, was the splen- 
did response we received from top management in our industry, 
both financially and in an advisory capacity. We were also 
assisted by International Harvester Co., National Engineering 
Co., and Milwaukee Foundry Equipment Co., who kindly loaned 
us enough equipment to make a very interesting working ex- 
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iibit. It is easy to see this was not a one-man job, but the 
result of planning and working together by a large group, and, 
if the results of this work are better understanding of the 
foundry industry by the public, and, if we have contributed 
something to industry generally, we are more than well-paid for 
our work.” 


PRESENTATION OF J. H. Wuitinc GoLtp MEDAL 


Past President Max Kuniansky presented the J. H. Whiting 
Gold Medal to S. C. Massari prefaced by the following remarks: 

“§. C. Massari, Technical Director of A.F.S. was born in Chi- 
cago, Ill., April 1, 1902, where he attended grade school and 
Lane Technical High School. Subsequently, he attended M.I.T., 
graduating in 1924 with degree of B. S. in Metallurgy. 

“The following year he began his industrial career with the 
Illinois Zinc Co. at Peru, Ill., as Director of Research. In 1926 
he joined the Association of Manufacturers of Chilled Car 
Wheels, Chicago, as Chief Metallurgist in charge of research, a 
position he held until he entered the armed forces in 1942. 

“Reporting for duty as a Captain, he was assigned to the 
Chicago Ordnance District and placed in charge of armor pro- 
duction and facility expansions required by the Ordnance De- 
partment for additional armor capacity. Subsequently, his as- 
signment was that of Assistant Chief of Tank Automotive 
Branch, in charge of all engineering and production of tank 
automotive ordnance equipment in the district. 

“Because of the critical importance of all forms of castings 
required in the production of Ordnance material, his long ex- 
perience in the Foundry Industry made it possible to be ot 
assistance to the producing foundries and also achieve the de- 
sired end result for the Ordnance Department. 

“At the conclusion of World War II, he was released from 
active duty in 1945 as a Lieutenant Colonel «in the Ordnance 
department, Army of the United States, and joined the Staff of 
the American Foundrymen’s Society in February, 1946. He was 
active in the technical affairs of the Society for a number of 
years before joining its Staff, serving on a number of national 
technical committees, such as the one charged with the prepara- 
tion of the Cast MeTALs HANDBOOK, ALLoy Cast IRONS HAND- 
BOOK and the HANDBOOK OF CUPOLA OPERATIONS. In addition, 
he has aiso spoken before the national, regional and chapter 
meetings of the Society. He has presented papers before other 
national technical societies and written for the trade and techni- 
cal press on the metallurgy of white and chilled iron, gray iron, 
cupola control and is author of the book The Microstructure of 
Chilled Car Wheel Iron. 

“Mr. Massari also holds memberships in many of the promi- 
nent national professional societies, including serving as Secre- 
tary of the Metals Engineering Division of the American Society 
of Mechanical Engineers.” 


ACCEPTANCE BY S. C. MASSARI 


Mr. Massari graciously accepted the J. H. Whiting Gold Medal 
from Past President Max Kuniansky and expressed appreciation 
to the Board of Awards for this honor. He pointed out that 
much of the credit belongs to those with whom he has been 
associated in iridustry over the years. 


PRESENTATION OF HoONorRARY LIFE MEMBERSHIPS 


C. R. Culling, President, Carondelet Foundry Co., St. Louis, 
on behalf of the A.F.S. Board of Awards presented an Honorary 
Life Membership Certificate to Ralph L. Lee with these re- 
marks: 

“I have looked forward to this assignment with a great deal 
of pleasure for several reasons. First, because I have known 
Ralph Lee and about his work for many years, and also because 
foundry cost accounting has been a subject near to my own 
heart for many years. I can speak, therefore, with the assurance 
of first-hand knowledge when I tell you what a splendid job 
Ralph Lee has done for the foundry industry. 

“After Mr. Lee completed his formal education at Milliken 
University as a law student, and later at the Walton School of 
Commerce, he worked several years as an office manager before 
becoming associated with the foundry industry. 

“In 1920 he became associated with the Liberty Foundry Co. 
at Milwaukee as secretary-treasurer, and, when that firm merged 








xi 





with others in 1940 to form the present Grede Foundries organi- 
zation, Mr. Lee became comptroller. This position he held until 
he assumed his present duties as secretary-treasurer of the Grede 
Foundries. 

“Ralph Lee has been active for many years in A.F.S. affairs, 
and has sérved continuously as chairman of the Society's Cost 
Committee for nearly 9 years. Also, for many years he was a 
member of the cost committee, Gray Iron Founders’ Society. 

In 1948 he had the honor of presenting the A.F.S. Exchange 
Paper to the Institute of British Foundrymen on controlling 
costs. 

He is also the author of numerous papers before A.F.S. con- 
ventions, and has served as the Society’s right hand in promot- 
ing the use of modern cost systems. 

“It can be said without doubt that Mr. Lee has been of great 
assistance to the entire foundry industry in helping the members 
keep pace in their cost department with technological develop- 
ments in the plant. He has shared generously with others the 
results of his own work, and in his quiet, unassuming way ren- 
dered a great service to the foundry industry. 

“Mr. Lee, on behalf of the Board of Awards and Board of 
Directors of the American Foundrymen’s Society, it is my pleas- 
ure to present to you an Honorary Life Membership in the 
Society ‘for steadfast and continuous service to the Society and 
castings industry in the field of better foundry costs.’ ”’ 


ACCEPTANCE BY RALPH LEE 


Mr. Lee graciously accepted the Honorary Life Membership 
from Mr. Culling and expressed appreciation to the Board of 
Awards and the Board of Directors of A.F.S. for the honor and 
their thoughtfulness. 


Honorary Lire MEMBERSHIP TO DEAN FREUND 


Harold S. Falk, President, The Falk Corp., Milwaukee, on 
behalf of the Board of Awards of A.F.S. presented an Honorary 
Life Membership to Clement J. Freund “for sincere and con- 
stant service on behalf of the castings industry by encouraging 
young men to enter the foundry trade.” He made the presenta- 
tion with the following remarks: 

“Clement J. Freund in every sense a gentleman, an able 
scholar with a practical on-the-job experience, spent all of his 
working life in the interest of educating young people in indus- 
try and especially those in the foundry industry. 

“There is no need to enumerate the many group and associa- 
tion programs that benefitted by Mr. Freund’s energetic and 
thoughtful guidance, because it follows logically that he would 
not now be the Dean of Engineering at the University of De- 
troit unless he had all the qualifications for that office and for 
the many extra curricular activities in which he is interested. 

“Mr. Freund was among the first of our Falk cooperative ap- 
prentices in 1921 and after finishing his apprenticeship, he was 
in charge of our Personnel Department for a number of years. 
It was, therefore, with a feeling of satisfaction and pride that I 
heard that I was to confer upon Mr. Freund the honorary life 
membership in A.F.S. ‘for sincere and constant service on behalf 
of the castings industry by encouraging young men to enter the 
foundry trade.’” 


ACCEPTANCE BY DEAN FREUND 


Mr. Freund graciously accepted the Honorary Life Member- 
ship Certificate from Mr. Falk and expressed appreciation to the 
Board of Awards for this recognition. 


PRESENTATION OF OTHER LIFE MEMBERSHIPS 


An Honorary Life Membership Certificate was awarded to 
Anthony Haswell “for outstanding and inspiring service to the 
industry as president of the Foundry Educational Foundation.” 
Likewise, an Honorary Life Membership was awarded to retiring 
President William B. Wallis “for outstanding service as Presi- 
dent of A.F.S. during 1948-49.” 


GuEST SPEAKER 


Following presentation of Awards, the guest speaker of the 
evening, the Honorable W. Stuart Symington, Secretary of Air, 
U.S.A., presented his talk on our military requirements. 





























PRESIDENT’S ANNUAL ADDRESS 


W. B. Wallis* 


Ir Is WITH MIXED FEELINGS that I address you as 
your President of this 53rd Annual Meeting . . . with 
extreme pleasure and humility because of the honor 
accorded me, and yet with regret that my active affilia- 
tions with you are approaching a close. The Presi- 
dent’s Address is more or less of a “swan song,’’ and 
yet at the same time it is his opportunity to look back 
over the road he has been privileged to travel and 
perhaps, for guidance of those who follow, point ahead 
to opportunities not yet fully realized. 

During the past year I have been fortunate enough 
to have visited every Chapter of the American Found- 
rymen’s, Society, and every Regional Conference save 
one. As a result of this close contact with the “grass 
roots” of the Society, certain impressions have been 
gained. One impression is that of appreciation for the 
understanding and courtesy universally extended to 
your President wherever he has gone. Most outstand- 
ing is my impression that the men of our Chapters— 
the Officers and Directors with whom I have discussed 
Society matters around the table—are intensely inter- 
ested and unselfishly active in carrying on their jobs. 
The Society owes a debt of gratitude to these men who 
are serving so well the cause of foundry progress. 

Each Chapter, of course, has its own ideas as to 
what activities it should pursue, and I have been im- 
pressed by the ambitious programs undertaken or pro- 
jected by a great many of our local groups. At the 
same time, it has been my obligation as President to 
present to these local Officers and Directors the point 
of view of the Society as a whole as expressed by the 
National Board, for there are many problems common 
to all Chapters, and not the least important of such 
problems is that of attracting and keeping interested 
those young men who cannot attend such Conventions 
as these, and must depend upon their local activities 
for opportunities of advancement. I sometimes have 
thought that it would be well for every Chapter to 
have its own Youth Encouragement Committee which 
has but that one purpose in mind, getting out young 
men to every Chapter meeting and seeing that they 
serve on committees, speak at Chapter meetings, and 
be given an active part in Chapter affairs. 


* Pres., Pittsburgh Lectromelt Furnace Corp., Pittsburgh 





Management 

One point that has impressed me is the importance 
of interesting foundry management in the affairs of 
the local Chapters and their purposes. It is interesting 
to note that among the 6500 foundries in this country, 
management’s interest in its apprentices thus far has 
resulted in a total Student and Apprentice member- 
ship of less than 200, exclusive of the Student Chap- 
ters. When you realize that an apprentice can be a 
full-fledged member of the Society for only $4.00 a 
year, it seems incredible that foundry management has 
not taken more advantage of this opportunity. 

It is interesting to note, too, that the more than 
1600 Company and Sustaining members of A.F.S. aver- 
age less than three Personal members per plant. We 
find it hard to believe that any foundry, regardless of 
the metal that it casts, or the number of employees it 
maintains, would be uninterested in membership in 
American Foundrymen’s Society. 

Perhaps there is not a general understanding that 
this Society of ours is devoted solely to providing 
foundrymen with opportunities to learn how to im- 
prove their practices and their products, and that it is 
not directly concerned in any way with those problems 
which are being excellently handled by the Trade As- 
sociations of this industry. Perhaps, however, we of 
the Society are at fault in not bringing this informa- 
tion to the attention of every single foundry through- 
out the country. 

Herein lie two splendid opportunities for our Chap- 
ters: First, to induce the members to use and appre- 
ciate the inherent values of their membership, and, 
second, to show those who are not now members how 
they can benefit from the contacts, the friendships, the 
vast experience and the pride of craft that designates 
the members of this technical society. 


Research 

I do not believe you would be interested in having 
me go into details on A.F.S. operations, for certainly 
the progress of the Society has been well reported in 
the official magazine, AMERICAN FOUNDRYMAN. There 
are, however, several subjects of broader interest con- 
cerning this organization and this industry, and sev- 
eral important aspects of those subjects which I would 
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like to submit for your consideration. No organization 
and no industry can stand still, and certainly in this 
time of increasing product and process competition, 
we of A.F.S. and the Castings Industry should examine 
closely any means of improving our position as found- 
rymen and our circumstances as businessmen. 

The only coordinated research activity being con- 
ducted by the Castings Industry today, and made freely 
available to the industry as a whole, is that sponsored 
by your Society. The April issue of AMERICAN FounpD- 
RYMAN fully describes eight fundamental projects be- 
ing carried on by group action. This splendid work, 
which was initiated less than three years ago, has pro- 
duced some outstanding results, and yet the thought 
cannot be escaped that foundry research today is cost- 
ing the individual foundryman far more than he 
realizes. 

A.F.S. is by no means the only organization conduct- 
ing investigational activities. No businessman would 
permit several departments to independently conduct 
its own research without inter-department coordina- 
tion. Why, then, should such. activities within this 
industry be condoned? Surely foundry executives are 
interested, and especially today, in avoiding the waste 
of overlapping and often duplicated efforts. Our fun- 
damental problems cannot be solved by scattered effort 
but by coordination and by funneling through group 
hands the funds that the industry is willing to make 
available for its own progress. 

You need not be reminded that many projects have 
been initiated in the past as pet projects of individual 
sponsors, and that their initiation has been based on 
neither a common desire for the undertaking nor 
adaptability of the results. Perhaps, with some knowl- 
edge of this industry, I may be permitted the observa- 
tion that we are disserving our own opportunities for 
progress so long as we continue to ignore the tre- 
mendous potentialities of organized industry-wide re- 
search. 


Castings Promotion 


You all recall the old saying of Mark Twain: “Ev- 
eryone talks about the weather but no one does any- 
thing about it.” You might apply this thought to 
another need expressed for many years by foundry 
executives, but about which nothing has ever yet been 
done on an organized, industry-wide basis. The 
Foundry Industry is singular in that metal casting is 
both a process and a product. The inherent advan- 
tages of casting as a process are relatively unknown to 
today’s engineers in terms of other metal-working 
processes, because, in large part, the emphasis has been 
placed on the competitive casting-to-casting advan- 
tages of certain metals. 

You may travel from New England to California 
and visit every engineering school and college on your 
way and you will find in no textbook being used to 
instruct your future executives, either correct or com- 
plete information on the products you gentlemen pro- 
duce. You will find book after book on competitive 
processes, but the merits of the casting of metals will 
be conspicuous to you only because it is not there as it 
should be. 

How long can this industry which only in recent 
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years has contributed sums approaching half a million 
dollars for the education of future engineers, tolerate 
a situation where information on your own products 
is still not available? It has been a splendid thing, the 
creation of a Foundry Educational Foundation, but 
the Foundation itself cannot complete the job as suc- 
cessfully as you may expect until the industry deter- 
mines that those products shall be placed in the proper 
light in our great engineering schools. 

Here indeed, this promotion of the casting process 
is a job that can only be done through the unified 
efforts and finances of all. 


Education 


A splendid forward step has been taken by the 
Castings Industry in the formation of the Foundry 
Educational Foundation which now enjoys the sup- 
port of gray iron, malleable, non-ferrous and steel 
foundrymen as a group. Again, however, our industry- 
wide educational activities are split between two 
groups, for A.F.S. is conducting—and in large part 
through its Chapters—educational work at the level 
of the high schools and trade schools. 

However, education for the Foundry Industry 
should be administered in the interests of all, for cer- 
tainly the problems are common to all. The maximum 
results cannot be expected except through a long- 
range program based on knowledge of the overall 
problem and conducted for the interests of all. 


Safety and Hygiene 


In close relationship to the matter of education is 
the development of sound safety and hygiene recom- 
mendations, for the one induces men to enter the 
foundry and the other contributes to making the 
foundry a desirable place to work. 

Those of us who have been in this industry for 
years may be impatient with the thought that the 
foundries should provide some form of inducement to 
opportunities as we have found them. The fact re- 
mains, however, that the more we mechanize this 
industry the more we must compete with other mech- 
anized industries in what our British friends call the 
“amenities” which means problems of personnel rela- 
tions, of safety and hygie»2, of good housekeeping and 
of attractive working conditions. 

In A.F.S. we must approach this safety and hygiene 
question solely from the standpoint of our funda- 
mental objects. No foundry executive should lose sight 
of the fact that there is growing, beyond the confines 
of our industry, an intense interest in what this indus- 
try is doing in the way of improving working condi- 
tions. Here indeed is a problem common to the inter- 
est of all foundries, which may be simply defined as: 
will we do the job or shall we wait until someone else 
does it for us? 


National Castings Council 


Three years ago the Foundry Industry, took an im- 
portant step forward when it established the National 
Castings Council. The Council has been organized as 
an informal group in order to obtain closer coopera- 
tion between each of the foundry associations on prob- 
lems common to all. A first and significant result has 





an eerlhlUrhOlC Ml 


















PRESIDENT’S ADDRESS 


»een the formation of foundry advisory committees to 
the Munitions Board, which definitely should avoid 
the failure of the industry in the beginning of World 
War II. 

It has been suggested in some quarters that the 
National Castings Council should not undertake any 
problem in the interests of all, for fear it may become 
a sort of super-colossus foundry organization which 
cramps the style and limits the field of opportunity of 
its members. I feel certain that none of us would but 
agree that those who represent us on the Council 
should at least be willing to explore the possibilities 
of overall, coordinated effort on such problems as we 
have mentioned here today. 

Certain it is that the Foundry Industry is spending 
nearly a million and a half dollars a year to support 
the activities of the Council members. Through ex- 
ploration, there may be found possibilities for ob- 
taining maximum benefit from the large sums now 
being spent, but only foundry management can exer- 
cise the will to explore the possibilities. 

Foundry management, and only foundry manage- 
ment, has the right to say in what direction the Na- 
tional Castings Council should develop for the benefit 
of all and make decisions on whether the Council shall 
continue as a discussion group without power to rec- 
ommend, right to act, or authority to lead the way. 


Conclusion 


As your President, I would be remiss if I did not 
express to all the members of the National Board of 
Directors my most sincere thanks for their whole- 
hearted cooperation and willingness to undertake jobs 





assigned them. I want especially to thank your incom- 
ing President, E. W. Horlebein, for the yeoman service 
he has given this year as Vice-President. There has 
never been a moment when I have not had his fullest 
cooperation and the benefit of his advice. 

To W. W. Maloney, your Secretary, my thanks for 
having, through trying times, worked hard to cooper- 
ate and coordinate the work of the National Office 
with that of the Chapters. 

My thanks to the Staff for continuing to carry out 
a conscientious job in the face of difficult and rapidly 
changing conditions and, finally, to the membership 
for the many expressions of confidence and continued 
support given us. 

During the past year we have endeavored and ac- 
tively attempted to take the Chapters into our com- 
plete confidence by showing where the membership 
dollar goes, why Society activities cost more today, 
and why certain somewhat controversial Board actions 
have been taken in your interests. 

We have no doubt but that some members will dis- 
agree with some of our actions, and certainly we could 
not expect nor would we want it otherwise. Your 
Directors have steadfastly held to the principle that 
your Society cannot remain stagnant but must move 
forward. 

I do not know how many A.F.S. Presidents have 
closed their Annual Address in this manner, but 
neither do I know how to improve upon a closure that 
quotes the fundamental] principles for which we stand: 
“Coming together is a beginning.” 
“Working together is progress.” 

“Keeping together is success.” 





REPORT OF THE SECRETARY 


THE PURPOSE OF THIS REPORT is to sum up the 12 major 
Society activities as defined by the Finance Committee, and at the 
same time offer a few comments relating to actions taken or dis- 
cussed during the past fiscal year. This report is confined largely 
to non-financial matters, since finances are discussed in a sepa- 
rate report of the Treasurer. 


Membership 


On July-1, 1948, membership in the Society totaled 10,403, 
an all-time peak, at which time a new and semi-mechanical sys- 
tem of processing dues payments was instituted. An accurate 
count as of June 30, 1949 shows a total membership of 10,063, a 
net loss (after inventory adjustment of Dec. 31, 1948) of only 
113 members or 1.1 per cent during the previous 12-month 
period. Membership figures (all inventory adjusted) for each 
month of the year, and showing new members gained or re- 
instated and members dropped for all causes, are as follows: 


Membership Progress 1948-49 


Members Members Total 
Gained Dropped Last Day 
June 1948 — — 10,176 
July 149 114 10,201 
Oct. 236 38 10,128 
Jan. 1949 155 93 10,249 
April 116 107 10,186 
June 1949 55 136 10,063 
Year 1755 1868 ~~ 113 (net loss) 


We have expected that the heavy renewals of July 1, 1949, 
would prove to be the critical period in our membership, in view 
of existing business conditions. On June 1, we invoiced 4862 
members whose dues were renewable on July 1, and as of July 
25 we had received payments from 3672; a total of 125 or 3.3 
per cent of those heard from had resigned their memberships, 
leaving 1396 still to be renewed (or dropped in September for 
non-payment of dues). All Chapter Membership Committee 
Chairmen are notified of these delinquents, although admittedly 
the month of August is a bad time for tracing delinquent mem- 
bers . . . especially so that year. 

Estimates presented to the Finance Committee in preparing 
Income and Expense budgets for 1949-50 indicated that we could 
take a loss of 1382 members or 13.8 per cent, and still increase 
dues revenue from $178,000 in 1948-49 to approximately $209,000. 
It is on the basis of these estimates that the Dues Income for 
1949-50 has been budgeted. We do not expect, in 1949-50, a 
net membership loss of 13.6 per cent, unless business conditions 
continue drastically downward, in which event a complete re- 
vision of the 1949-50 budget is contemplated by the Finance 
Committee. 

The pro-ration of dues which began on Jan. 1, 1949, is pro- 
gressing satisfactorily and all memberships will have been pro- 
rated by December 31, 1949. By June 30, 1950, some 80 per cent 
of all memberships will be completely on the new basis; 100 
per cent by December 31, 1950. As might be expected, a consid- 
erable number of members have queried the pro-rated invoices, 
necessitating considerable correspondence; this we now are cor- 
recting by providing full advice with invoice. 


Chapter Operations 


During the fiscal year 1948-49 one new regular chapter—the 
Mo-Kan Chapter with headquarters at Kansas City, Mo.—was 
organized and installed. In addition, three Student Chapters 
were Officially installed—at the University of Ilinois, Texas A. & 
M. College, and Oregon State College. One Student Chapter, at 
the University of Minnesoia, has been virtually inactive during 
the past year, but expects to revive this Fall with a new foundry 
now being completed. 
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New Chapter prospects have been quiet, although we were 
notified in June of a movement to form a Central Pennsylvania 
Chapter with headquarters at State College, Pa. The movement 
will be followed up closely this Fall. 

The 6th Annual Chapter Officers Conference was held at the 
Stevens Hotel, Chicago, on June 30-July 1, total attendance 99 
including 82 invited chapter delegates. Under the chairmanship 
of President-elect Horlebein, the Conference proved completely 
successful and lavish compliments have come back to us. Presi- 
dent Wallis, Vice-President-elect Woody, Director MacNeill, and 
Director-elect Sefing attended. At this Conference, final approvals 
were received on reestablishment of all chapter boundaries . . 
a task accomplished only through the cooperation of the chapte: 
officers present . and the Chapter Manual was thoroughly 
discussed. In addition, speaker schedules were arranged for 
many of the Western Chapters. 

Chapter visits during 1948-49 were carried on largely by the 
President and Board members, President Wallis performing the 
remarkable endurance feat of visiting each of the 40 regular and 
7 Student Chapters. Chapter visits by Staff members were held 
to a minimum as an economy measure, mainly including group 
installations, regional conferences, and a few special speaking 
engagements. 

In the belief that continuous Staff contacts with the chapters 
is essential to proper administration, the Finance Committee is 
recommending increased appropriations for such Staff visits in 
1949-50. In addition, both President-elect Horlebein and Vice- 
President-elect Woody have consented to a schedule of visits in 
keeping with their available time. It is hoped, too that all 
Board members will continue individual Chapter visits, such 
visits being well received during 1948-49. 


American Foundryman 


Both editorially and in the way of advertising, the magazine 
completed its most successful year to date. Under the editorship 
of Herb Scobie, the content was materially improved in scope 
and quality. New sections were added and readership interest 
definitely proved . . . to such an extent that one Chapter dele- 
gate at the recent Conference declared that AMERICAN FouNpDRY- 
MAN is “the best industrial magazine published anywhere.” 

Following a suggestion of President Wallis and President-elect 
Horlebein, it is intended to broaded the scope of AMERICAN 
FOUNDRYMAN editorials by invitations to outstanding representa- 
tives of top foundry management. Such “guest editorials” should 
materially increase the interest of these pages, which have, in 
the past, tended toward rehashing old ‘familiar themes. Contro- 
versial opinions and ideas will be sought, in the interest of in- 
creased reader attention to our editorial pages. 

Advertising revenues held up well during the year, due 
largely to the greater experience and untiring efforts of John 
Murray, Advertising Manager. An increase in the promotion 
budget is being recommended by the Finance Committee for 
1949-50, anticipating some greater resistance in the way of ad- 
vertising budgets by prospects. 

Gross income from display advertising in 1948-49 totaled 
$107,806.15 from 468 pages, compared with 1947-48, $96,844.50 
from 459 pages. While the total for 1948-49 was due in part to 
a small increase in number of advertising pages carried, a major 
influence was the increased advertising rates effective January 1, 
1948, again increased effective January 1, 1949. 

During the past year, determination of AMERICAN FOUNDRY- 
MAN policy was delegated by the Board to the Publications Com- 
mittee. This Committee as yet has held no discussions regarding 
the magazine, although such a meeting is contemplated this 
Fall. It is our understanding that the Committee’s functions 
with respect to the magazine are intended to be broad in nature 
and in scope, and its actions purely recommendative to the 
Board of Directors. 
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REPORT OF SECRETARY 


1949 Convention 


The St. Louis Convention featured a relatively small but - 


select audience, one of the finest. technical programs A.F.S. has 
ever sponsored, and a new experiment or policy in registration 
fees. While hotel reservations were assigned to 2400 persons, 
1953 registered, and 1784 paid registration fees. This 1784 in- 
cluded 1386 Members at $5.00 and 398 guests at $7.50. Of the 
latter, some 48 took advantage of our special offer to apply $2.50 
against membership at the Convention. Approximately 169 vis- 
itors registered but were admitted free, as students or as compli- 
mentary guests. 


Special Publications 


During the past year only two new special publications were 
brought out: Development of the Metal Castings Industry, and 
Apprentice Training Standards. The Cupola Handbook was 
reprinted (without revision) to meet popular demands in the 
interim of the revised edition. Several Codes were reprinted 
(without revision) as supplies were depleted. Certain other 
publications, at or near completion stage, were withheld in the 
interests of economy. 


Transactions 


It is evident, from deliberations of the Publications Commit- 
tee and Board, that A.F.S. recognizes an obligation to publish 
TRANSACTIONS annually. It is evident that TRANSACTIONS sales 
will not equal publishing costs in any year. It seems likely that 
such further consideration should be given the pricing of 
PRANSACTIONS as to obtain, for a given revenue, distribution of 
the maximum number of copies, in the interest of foundry prog- 
ress. It seems likely also, in view of long-standing acceptance and 
present criticism of the policy of discontinuing free copies to 
Company Members, that this policy should be reviewed for per- 
manence when all pre-publication orders for Bound Vol. 57 
(1949) are in. 

It is strongly recommended that, following such review, a 
permanent policy be established and accepted by future Publica- 
tions Committees and Boards of Directors, so that such policy 
can be made known as permanent to present and future mem- 
berships. 


Education 


Overall administration calls for special attention to the fol- 
lowing points: 

1. Of the $4000 budget for 1948-49, less than $2000 was ex- 
pended, following Board action of October, 1948 which necessi- 
tated dropping our Educational Director. In consequence, it 
cannot be said that the A.F.S. Educational Program in 1948-49 
was possible of fulfillment. 

2. With staff travel and other matters curtailed by action of 
the Board of Directors toward reduced expenditures, the Execu- 
tive Director of FEF actually performed many of the A.F.S. 
educational functions in 1948-49, through constant contacts with 
schools, educators, Chapters and others in carrying on his FEF 
duties. For this valuable service, A.F.S., as a Society, paid noth- 
ing. 

3. The announced policy and intent has been to confine FEF 
educational activities to the college and university level, and 
A.F.S. activities to the secondary school level. The splendid 
work of FEF in arousing interest in education throughout the 
Foundry Industry, and in placing college and engineering school 
graduates, has not been duplicated in results by A.F.S. whose 
activities at the secondary school level have been carried on 
largely on a cooperative and non-financed basis through Educa- 
tional Committees of A.F.S. Chapters. These activities, on a 
voluntary basis, have been performed by not more than 50 per 
cent of the Chapters. 

4. To adequately cover the A.F.S. field of secondary level 
schools conceivably, in the absence of nationally budgeted funds, 
might require the raising of funds locally for school improve- 
ments (as in the case of the revived Hackley Manual Training 
School at Muskegon, Mich.). Such local solicitations, if pursued, 
might reasonably affect the recently announced intention of FEF 
to commence soon its second cycle in raising funds for financial 
requirements. 

5. By way of suggestion, therefore, consideration should be 
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given the question of local fund solicitations for A.F.S. educa- 
tional purposes since simultaneous fund-raising activities in the 
Foundry Industry are not desirable. 


Other Technical Activities 


Reinforcing, perhaps, the Report of the Technical Director, 
we recommend that consideration be giver, at the earliest pos- 
sible date, reestablishment of the A.F.S. Library as a going con- 
cern. Cataloging, maintenance and broad use of the Library 
was strongly recommended by previous Boards as a proper func- 
tion of the Technical Development Program. Today the Library 
is, for most reference purposes, useless. 

It is suggested that some interested company may be induced 
to sponsor complete cataloging of the Library, after which a 
temporary Librarian would serve most of its purposes. In return 
for such sponsorship, the Library conceivably might be given the 
name of the sponsor firm, there being ample precedent for such 
a designation. It is estimated that such sponsorship would entail 
a cost of $5000 to $7500 for two years, and approximately $3000 
annually thereafter. 


General Administration 


During 1948-49, by Board direction and in order to further 
reduce expenditures, the Staff personnel was reduced from 34 
to 25. Jobs were combined, efforts pooled and work reassigned. 
No changes occurred in the executive personnel; as a result, an 
experienced and competent Staff is now carrying on National 
Office work. 

Efforts toward securing more economical office quarters are 
temporarily in abeyance, as brought out in the report of the 
Committee on Office Quarters, appointed by the Board on April 
8, 1949. 


Recognition 


To the Officers and Directors who have worked so closely with 
the Staff during the past 12 months toward the solution of many 
perplexing problems, we extend at this time our sincere appre- 
ciation for their counsel and guidance. To President Wallis es- 
pecially, for his untiring patience and sincerity of purpose, as 
well as his constant willingness to assist the National Office Staff 
through an active year, we offer our thanks and our deepest 
respect. It has at all times been a pleasure and a privilege to 
carry out the policies and activities you have directed. 

Respectfully submitted, 
Wm. W. MALONEY, Secretary 





Appendix to Report of Secretary 


The purpose of this report is to outline briefly some of the 
major results of the present Staff administration, which can be 
said to have been organized as of August 1, 1945. Some of these 
results (all of which quite naturally have been under direction 
of the several Boards of Directors) are on the plus side of the 
ledger as accomplishments completed or more advanced, and 
some are on the minus side as still in the discussion phase or 
plans as yet unfulfilled. 


Staff Organization 


When the present administration assumed office on August 
1, 1945, Staff personnel totaled 17. The program of activities 
outlined by the Board of Directors, plus the imminence of a 
50th Anniversary Convention and Exhibit, made imperative an 
increase in personnel. An organization plan was presented to 
the Executive Committee in November and approved in prin- 
ciple, calling for a total of 31 Staff members. This plan was 
the guide to development of the Staff, until action was taken 
by the Board in October 1948 for a considerable Staff reduction 
in the interest of economy. 

The Staff today totals 25 members, including nine on the 
Executive payroll. The present Staff in all key posts, while 
young in experience, are doing a competent, thorough and effi- 
cient job. It may be pointed out that no Staff employee today 
dates back beyond February 1942 in length of service. 








Retirements 


An important factor in stabilization of the National Office 
Staff undoubtedly will prove to be the Staff Retirement Plan 
adopted by the Board effective July 1, 1948. Provisions of the 
Plan are in keeping with those of similar plans in industry and 
all save one eligible employee have thus far joined the Plan 
since its inception. , 


“American Foundryman” 


When regular monthly advertising was first accepted in 
AMERICAN FOUNDRYMAN in May 1945, and the magazine increased 
from 32 pages to approximately 100 pages monthly, its prospects 
for broad acceptance were not too bright. Editorially, it bore a 
house organ tag some seven years old, nor was it possible to 
obtain at the outset a trained editorial staff. Existing employees 
simply were transferred to the magazine staff, and necessarily 
learned by experience. 

In spite of handicaps, AMERICAN FOUNDRYMAN has made steady 
progress over the past four years, both editorially and in the 
way of advertising acceptance, and now is widely recognized for 
the quality of the editorial content and for actual returns to the 
advertisers. As a policy, the Society has continually insisted that 
the magazine “stand on its own two feet,” and has never sold 
advertising on the basis of support for the Society. No pressure 
is brought to bear on members who could advertise but do not, 
and this policy will be continued. 


Technical Committees 


In 1945, many of the Society’s Technical Committees were 
inactive and selection of committee personnel was largely a 
Staff matter. Under the leadership of Technical Director Massari, 
a definite organizational plan for Divisions and Committees was 
developed and approved by the Board with the result that prac- 
tically all Divisions have steadily become more active. 

One result of this activity was the initiation of a definite 
plan of A.F.S.-sponsored research whereby the Board may author- 
ize a maximum expenditure of $5,000 per year for Divisional 
research projects. The Divisions themselves initiate projects, 
select the institution at which the work will be performed, 
approve definitive contracts for the work, supervise the research 
progress, and review all progress reports. This activity alone has 
greatly increased the prestige of the Society in the industry as a 
whole. 

Another result of augmented committee activity nas been the 
development of improved literature on foundry subjects. Such 
publications as the Cupola Handbook and Analysis of Casting 
Defects are widely recognized and are ordered by foundrymen 
all over the world. This activity is approaching a new peak in 
1949-50, with seven new publications recommended by the Pub- 
lications Committee. 

A further result of committee activity has been the Society’s 
increased interest in educational matters. In consequence, the 
Board has approved the preparation of college and high school 
textbooks on foundry practice, publications whose preparation 
have been discussed at least for 20 years within foundry circles. 
Both publications are now nearing completion. 


Chapter Operations 


On July 1, 1945, the Society had 30 active Chapters. Ten 
regular Chapters and seven Student Chapters have been estab- 
lished during the past four years. Of much greater importance, 
however, has been the development of closer relations between 
the Chapters and the National Organization. Extensive visits by 
the Officers and Directors of the Board, by the Secretary, the 
Technical Director, and Editor of AMERICAN FOUNDRYMAN, plus 
the holding of annual Chapter Officers Conferences, has defi- 
nitely improved relationships. 

An initiation of Speaker Lists, Film Lists and other forms 
of Chapter assistance have been developed during the past four 
years. Membership Committees have been kept closely advised 
and many points of Chapter administration have been brought 
out in “Orr-THE-REcorpD,” which publication began in 1947. 

The Chapter Office Conferences, first organized in August 
1944, have been particularly valuable in establishing closer and 
more harmonious relations between the Chapters and the Na- 
tional Society. However, constant personal contacts are necessary 
to maintain this relationship, since Chapter Boards change mate- 
rially from year to year. 
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Membership 


On July 1, 1945, the membership of the Society totaled 7,812 
and increased by nearly 30 per cent during the succeeding four 
years. Membership processing methods in use in 1945 required 
revision, in order to avoid delays and errors, to the annoyance of 
the membership. During the succeeding three years, a consider- 
able amount of study was given the problem of membership 
processing, a number of stop-gap experiments were attempted 
and finally, on July 1, 1948, an entire new membership system 
was put into operation utilizing the McBee Card System. As a 
result, it now can be said that errors and delays are at a mini- 
mum, as most of the Directors have discovered on Chapter visits 
during the past fiscal year. 

Some 92 per cent of the entire membership is affiliated with 
our Chapters and no membership applicant is accepted to mem- 
bership with Chapter affiliation, until approved by the Chapter 
involved. Through letters and printed literature, the Chapters 
have been kept constantly supplied with membership aids. 

Pro-ration of all Chapter memberships will simplify consider- 
ably the handling of memberships both in the National Office 
and by the Chapter Membership Committees. The entire pro- 
gram has been readily accepted. 

Increases in membership dues become effective July 1, 1945 
for Company and Sustaining members only; further increases 
became effective on July 1, 1948 for Personal members, and all 
classes of dues were still further increased on January 1, 1949. 
These increases undoubtedly have somewhat retarded further 
expansion of the membership beyond the present approximately 
10,000 total. Practically all membership effort now is being 
carried on through the Chapters themselves rather than direct 
from the National Office. 


Conventions and Exhibits 


Two exhibit and two non-exhibit Conventions have been 
staged during the past four years at four different cities. Both 
exhibit Conventions topped all previous marks as to attendance 
and gross revenue and one non-exhibit Convention exceeded in 
attendance all previous similar meetings. The quality of exhibit 
displays and the caliber of technical papers presented have been 
exceptional and have greatly increased the prestige of the Society 
throughout the Casting Industry. 

It may be pointed out that the staging of these four success- 
ful events involves over 90 per cent of the actual work being 
performed by the National Office Staff. 

The staging of a combined Convention and Exhibit involves 
much more than providing opportunity for the display of equip- 
ment, materials and services for foundry use. In effect, it pre- 
sents the Foundry Industry “On Parade,” and therefore pro- 
vides an inspiration to all foundrymen which cannot be speci- 
fically evaluated but nevertheless is a major consideration in the 
planning of such events. 

A.F.S. exhibits are recognized as among the best organized 
and operated industrial shows held in this country, as shown by 
surveys of the Exhibitors Advisory Council. Efforts made to 
minimize excessive entertainment are part of the Society’s policy 
in conducting Conventions intended primarily to advance the 
technical and practical operations of the industry. 


Bookkeeping Procedures 


In 1945, the Society’s bookkeeping methods appeared to be 
unchanged from methods in vogue for many years. While these 
methods undoubtedly proved sufficient for the purposes of the 
Society when income and expense were low (Earned Income in 
1938-39 totaled $50,562) , the methods proved inadequate for the 
purposes of a society of 10,000 members and average annual 
revenues of close to $400,000. 

Consequently, new official auditors were approved by the 
President in June 1946, and our entire bookkeeping procedures 
have been overhauled, ‘revised and strengthened year by year. 
Today, the Staff is able to furnish accurate costs and figures on 
any operation of the Society. Statement forms instituted during 
the past fiscal year have for the first time set up and distributed 
Overheads and Salaries to all Society activities. 

The net result undoubtedly has been that both the Board and 
the Staff now knows far more about the cost of maintaining the 
various activities and therefore is in a superior position to deter- 
mine the effects of future actions in the direction of either tak- 
ing on additional activities or curtailing present activities. 
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Finances 


Finances of the Society during the past four years have not 
yrogressed as have the various Society activities, possibly and in 
part due to the initiation and emphasis on those activities. Thus, 
during the past four-year period, total Earned Income reached 
$1,535,245; Total Expense was $1,578,175. In other words, over 
ihe past four: years Total Expense exceeded Total Income by 
$32,900. 

During the past year, the following appropriations were 
voted by the Board from our various funds and all involved the 
cashing of securities for accomplishment: 


Appropriations from TDP for research........ $29,500 
Appropriations from Genera! Reserve Fund for 
SO oR re ree ee 1,000 
Appropriations from General Reserve Fund to 
overcome anticipated deficits................ 30,000 


Appropriations from Cupola Research Fund in- 

vested securities for cupola operating funds.. 10,000 

RE, PS PRE NP REEL Bey Py $70,000 
Thus, the Society approved appropriations to deplete invested 
security reserves by approximately $70,000 during the past fiscal 
year. Singularly, this amount is almost identical with the Staff's 
calculation that no non-exhibit year can be completed at our 
present rate of activities, and with our present sources and extent 
of revenues, without incurring an excess of between $70,000 and 

$75,000 expense over income. 

Future budgeting and financing should keep such a non- 
exhibit year deficit constantly in mind, and in addition the 








xix 





possible replenishment of the $70,000 withdrawn from the So- 
ciety’s several funds during the past four years. Such considera- 
tion may be directed toward some additional and legitimate 
source of revenue up to an approximate figure of $35,000 an- 
nually, or two-year periods of financing with total Income and 
Expense of such two-year periods taken into consideration at the 
outset. 

Liquidation of the Technical Development Program Fund 
naturally brings up the question of whether or when this fund, 
in the judgment of the Board of Directors, is to be replenished 
by solicitation of contributions from the industry. Likewise, 
depletion of Cupola Research funds brings up the question of 
whether or when the project will be continued indefinitely 
through further solicitation of contributions from the industry. 

It has been deemed not desirable for the Society to build up 
tremendous reserves of, say, a million dollars, but more than one 
Board discussion has indicated the desirability of building up 
a total reserve, potentially useable for operating funds, equal 
to the expense of an average year’s operation. It is suggested 
that if this plan be accepted by the Board, it might be so stated 
as a policy for the guidance of future Boards and for the guid- 
ance of future Finance Committees in their budgeting from year 
to year. 

These thoughts are respectfully offered to the Board of Direc- 
tors as corollary to the summing up of activities carried on by 
the present Staff administration during the past four years. 


Respectfully submitted, 


Wo. W. MALONEY, Secretary-Treasurer 
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On July 22, following completion of the Annual Audit by 
Lybrand, Ross Bros. & Montgomery of Chicago, the Treasurer 
forwarded to all members of the Board of Directors, complete 
financial data for the fiscal year ended June 30, 1949. This 
included the Auditors’ Report on Society finances, statements of 
Income and Expense for the year compared with the two pre- 
vious fiscal years, and statements showing all Income and Ex- 
pense distributed by activities of the Society. 

In essence, there is shown from these several reports that the 
expense of Society operations during 1949 exceeded earned in- 
come of the Society by $70,712.37. This figure compared with 
an excess of $92,834.16 expense over earned income in the 
previous non-exhibit year of 1946-47. 

A condensed Balance Sheet of the Society for June 30, 1949, 
covering assets and liabilities of all funds maintained, may be 
set down as follows: 


CONDENSED BALANCE SHEET 
June 30, 1949 

ASSETS 

Pe rere 

Puente TROCRTVRINE: ooo co ncc ic cic ssc 4,405.03 

EE ee ee eee 35,567.65 

Investment Securities ..............0.. 133,805.60 

Detesred & Prepaid Items ............. 19,553.00 

Furniture & Fixtures (net) 9,791.42 
$288,908.27 


AE. its 6 wamegweleene 


LIABILITIES 
Rasments Payalihe «06. sce. cs ..ca ee BES 
NN one od cath era cliensls Siete 470.91 
Social Security Payroll Deductions ..... 204.27 
Deferred Dues Income ................ 71,217.06 
WOME. Salsa ssieiics vc ameuess eae 199,930.72 
$288,908.27 


The above statement therefore shows that the net worth of 
the Society on June 30, 1949 was $199,930.72. This compares 
with $275,122.53 for the fiscal year 1947-48; $242,074.69 for 1946- 
47; and $328,197.37 for 1945-46. See a comparison of Balance 
Sheets for these four years. 

The Income and Expense statement for the fiscal year 1948-49, 
as audited, sets down appropriations of $57,950.00 which were 
the actual sums appropriated, although appropriations voted by 
the Board of Directors totaled $72,450.00, as follows: 


APPROPRIATIONS 1948-49 
Appropriations 


Budget Used 
Wem: TP Be ovickccsccsccs - $29,500 oe $25,000 
From General Reserve Fund 30,000 20,000 
From Previous Year's Income 12,950 12,950 

$72,450 $57,950 


Over and above the total of $57,950 actual appropriations 
used, there is shown an excess of $12,762.37 expense over earned 
income. Had the full appropriation voted been taken, it is 
obvious that a slight excess of Total Income over Total Expense 
would have developed. 


NX 


The Balance Sheet 


The Balance Sheet shows that the Society started a new fiscal 
year with cash in the General (Operating) Fund amounting to 
$49,627.35. This is the fund on which the Treasurer may draw 
for current operating expenses in accordance with the Budget 
established by the Board, and without additional specific Board 
action on such expenditures. In addition, the statement shows 
$20,000 cash (Savings Deposits) , totaling $29,119.46 in the Gen- 
eral Reserve Fund, which sum is available to the Treasurer only 
by speciai action of the Board of Directors. 

The cash position of the Society, with respect to the General 
(operating) Fund only, as of the same period in recent years, is 
as follows: 


Casu ON Hanp as oF JUNE 30 


OS er errr ere $69,736.32 
3 Ss err ere eee $14,859.74 
SS ee errr 
Se 2 EE eee eer ey ee $49,627.35 


On the asset side, the item of $35,567.65 Inventories repre- 
sents, in entirety, publications on hand for sale. All of these 
publications are constantly being sold as shown by the column 
listing volumes sold during 1948-49. 

From the Balance Sheet, it will be obvious that the entire 
Technical Development Program Fund has now been liquidated 
and the balance (unappropriated during 1948-49) transferred 
into the General Reserve Fund in accordance with Board action 
of October 4, 1948. 

The Cupola Research Fund shows a fund principal on June 
30, 1949 nearly $8,000 less than on June 30, 1948. This depletion 
is largely accounted for by the employment of a full-time re- 
search worker on behalf of cupola research during the past year. 


Total Income 


Total earned income reached $331,535.72, or $54,363.28 less 
than the Budget of $385,900.00 earned income. The earned in- 
come of $331,535.72, plus total appropriations during the year 
of $72,250.00, would bring total income to $403,785.72. Thus, 
the appropriations equalled the expected deficit resulting from 
total expense for the fiscal year of $402,248.09. 


Total Expense 


Total Expense reached $402,258.09, or $26,000 below the 
original Budget of $428,350 established October 4, 1948. 

It is important to note from the statement of Income and 
Expense that, in spite of expenses being held $26,000 below the 
expense budget, the Society’s Earned Income in the past year 
failed by $70,000 to equal the Expense of operations. It therefore 
must be assumed that budgeting for any exhibit year should 
take into account the setting up of a reserve item of not less 
than $70.000 for the following non-exhibit year. 


Respectfully submitted, 


Wma. W. MALONEY, Treasurer 
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So THAT THE EXECUTIVE COMMITTEE and the Board of Direc- 
tors would at all times during the year be currently informed of 
important events occurring in the technical field of the Society, 
Progress Reports were presented at each of the Executive and 
Board of Directors Meetings held during the past fiscal year. The 
following report represents a brief summary of our technical 
activities for the vear 1948-49. 


Technical Committees 


Based upon the effective operations of each of the Technical 
Divisions and General Inierest Committees, it is quite evident 
that the present Committee structure has resulted in an efficient 
operating organization. We are constantly taking careful inven- 
tory of each of the Committees to ascertain whether they are 
functioning as originally intended, eliminating obsolete ones 
and likewise organizing new ones where adequate evidence is 
presented in support of a move of this kind. In accordance with 
the policies established under our Committee organization, this 
year we have a number of newly elected Committee and Divi- 
sional Officers, making it desirable to publish a new National 
Committee Personnel Roster reflecting these various changes. 

With the organization of a Publications Committee during 
the past year, we are now in a much stronger position to plan 
our publication activities and establish policies relating thereto 
which will be of lasting benefit to the Membership and of 
material assistance to the Staff in selling the various special 
publications. 

During the past year three new Committees were activated to 
satisfy apparent deficiencies which were of sufficient importance. 
Two of these were established in the Aluminum and Magnesium 
Division, under the Chairmanship of Dr. D. Basch; 2 ely, the 
Test Bar Committee, which has as its purpose a study of existing 
light metal test bars and their mode of production. It is hoped 
that as a result of this work, the Society will be in an excellent 
position to make specific recommendations to the appropriate 
Committee in the American Society for Testing Materials so that 
these improved designs may become a part of specifications cover- 
ing light alloy castings. 

The second Committee is one having as its purpose a study 
of light alloy castings quality control, more particularly as the 
manufacture of castings relates to the end use, with special em- 
phasis on the relation of physical properties as reflected by the 
test bars and actual properties in the castings themselves. Both 
of these Committees had their first meeting during the last 
Annual Convention, and have already made considerable prog- 
ress in their assigned tasks. 

After several years of inactivity, a new Safety and Hygiene 
Committee was organized, under the Chairmanship of Past 
President Lee C. Wilson. The initial meeting of the Committee 
occurred during the Annual Convention, and as its first task is 
now in the process of reviewing all of the existing Codes of the 
Society, in contemplation of their revision. To accelerate this 
work and likewise to accomplish this without the expenditure 
of Society funds, our Vice-President, Walton L. Woody, is per- 
sonally contacting several of the large foundry interests in hopes 
of obtaining active participation of men from each of these or- 
ganizations who is particularly qualified in this field and, with 
the sanction of his management, will be able to devote consid- 
erable time and effort to the affairs of this Committee. With 
this beginning, it is hoped that we will be in a better position 
to clearly define a specific program which will serve as a sound 
basis for soliciting financial aid in this important field. 


Exchange Papers 


Probably because of the high quality of previous Exchange 
Papers, during the past year we had an even larger number of 
requests from foreign societies for A.F.S. Exchange Papers to 
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their Annual Conferences. In the past year, Exchange Papers 
were, on invitation, prepared and sent to the Institute of British 
Foundrymen, the Institute of Australian Foundrymen, the 
French Foundry Society, the Belgium Foundry Society, and the 
International Foundry Congress, scheduled to be held in Amster- 
dam, Holland, during the early part of October. In addition, of 
course, we have been favored by the submission of Exchange 
Papers from these various Societies to our Annual Convention. 
The exchange of ideas of mutual interest to Foundrymen has 
been most profitable, typical for example, being the Exchange 
Paper presented at the Annual Convention in Philadelphia, on 
the production of Spheroidal Graphite Gray Iron. 


A.F.S.-Sponsored Research 


A well-integrated plan for A.F.S.-sponsored research was pre- 
sented to the Board of Directors at its Annual Meeting held in 
July of 1946. As a result of their foresight and understanding, 
these research projects have been gradually put into effect and 
are progressing most satisfactorily. Several of the projects have 
been under way long enough to permit the preparation of valu- 
able Progress Reports and their presentation before the Annual 
Convention. 

Foundry Research largely divides itself into two major cate- 
gories, (a) fundamental or basic, usually conducted under exact- 
ing laboratory conditions, and (b) practical or plant research, 
performed in the Foundry, utilizing production equipment, ini- 
tially on a partial and later on a full scale basis. For the most 
part, because of the comparatively limited funds which are avail- 
able, most of the A.F.S. Research Projects are confined to the 
first type. Most noteworthy, and one with which all of us are 
familiar, is the Sand Research which has been conducted at Cor- 
nell University for approximately ten years. This project has 
actually served as the basis for developing all of the useful yard- 
sticks available to Foundrymen so as to make it possible to con- 
trol sand properties and yield castings of maximum quality at 
minimum cost. 

We have been fortunate up to the present time in placing 
these Research Projects in educational institutions where we are 
able to accomplish the largest amount of work for the least ex- 
penditure of money. Actually, because of the very unusual inter- 
est evidenced by the research staff undertaking this work, we 
have received in value many times what we have spent. 

Under the A.F.S. Research plan, each of the Technical Divi- 
sions has available to it, on approval of the fiscal budget, a sum 
not to exceed $5,000. The Division must appoint a Research 
Committee, which has as its purpose the selection of the pro- 
ject, complete delineation of its purpose, method of conduct, 
type of equipment and caliber of personnel required to accom- 
plish the Research. This Committee likewise should recommend 
several prospective contractors who they consider qualified to 
undertake this particular project. 

After the project has been conceived and completely defined, 
following approval of the Divisional Executive Committee, it is 
then presented to the Board of Directors by the Technical Direc- 
tor of the Society, so that they may give appropriate considera- 
tion and if considered worthy, approve the expenditure of 
$5,000 to initiate the research. Subsequently, detailed “Invita- 
tions to Bid” are prepared, sent to numerous possible institu- 
tions, and on receipt of the bid proposals, the Research Commit- 
tee again has the task of carefully reviewing them and selecting 
the successful bidder. 

At this stage, the Secretary and Technical Director of the 
Society instigate the negotiation of a definite contract which 
when consummated, starts the project on its way for a period of 
one year. As part of this contract, in addition to defining the 
project itself, adequate provision is included to provide the 
Society with appropriate patent protection and basis of payment. 
In addition, of course, the Society also reserves initial publication 






Xxii 


rights. 

Thus, it is apparent that the entire program is based upon 
democratic principles and utilizes the best technical talent in 
planning the original project as well as in administering the re- 
search after it has once been initiated. 

The various Divisional Research Committees have been un- 
usually faithful in attending meetings, evidencing intense inter- 
est in the progress of the research. One Committee in particu- 
lar, which has been active for over two years, has held numerous 
meetings to review progress made, but has yet to have its first 
meeting at which all. of its members were not in attendance. 
Under these circumstances, we cannot help but feel that these 
Research Projects are extremely profitable to the Industry and 
likewise one of the most valuable means for maintaining interest 
in the technical affairs of the Society. 

Projects actively under way or in process of completion are 
as follows: 

Aluminum and Magnesium Research Project. This research, 
conducted at Battelle Memorial Institute, Columbus, Ohio, in- 
volves a fuadamental study of the hydraulics of flow of metal 
into a mold. The work up to the present time has largely been 
confined to the utilization of water as a working fluid, and 
molds of various design constructed of Lucite, a transparent 
plastic. As the fluid is poured into the mold, high-speed motion 
pictures are taken to record the extent of the turbulence, the 
formation of vortices and the aspiration of air into the metal 
stream, whether it be in the sprue or balance of the gating sys- 
tem. The first formal Progress Report covering this work was 
presented at the Annual Convention in St. Louis, accompanied 
by a motion picture film portraying the actual recorded experi- 
mental results. The report itself was preprinted and made avail- 
able to the membership prior to the Convention. Approximately 
250 attended the Round Table Luncheon before which this 
Progress Report and film were presented. Copies of the film are 
now available and will be shown before a number of the Chap- 
ters of the Society during the coming year, upon request. A 
second showing of the film occurred at the Chapter Officers Con- 
ference held in Chicago the end of June this year. 

Unquestionably this has been an extremely productive re- 
search project and the Committee has again voted to request 
the Board of Directors to continue it for another year. The pro- 
ject was initiated in October of 1947, and a total of $11,500 has 
been expended. 

Brass and Bronze Research Project. This Research Project 
was initiated in December of 1947, at the University of Michi- 
gan, Ann Arbor. The purpose of this investigation is the devel- 
opment, if possible, of a suitable fracture test which will enable 
the bronze foundryman to ascertain melt quality of a tin bronze 
prior to pouring the metal into the mold. A comprehensive 
Progress Report was prepared covering the first year’s work, 
and presented at the Annual Convention. 

Encouraging results have been obtained, but additional work 
is required to achieve a practical, quick test for the foundryman. 
With this in mind, the Committee has requested that the Board 
of Directors provide an additional $5,000 to continue this project. 
Thus, up to the present time, a total of $5,000 has been ex- 
pended and an additional $5,000 is requested for the fiscal year 
1949-50. 

Centrifugal Casting Research Project. Approximately a 
year ago this project was initiated at the Canadian Bureau of 
Mines, Ottawa, Canada, and has as its purpose the study of the 
feasibility and necessary technique for the successful centrifugal 
casting of light alloys. The Society only provided a sum of 
$1,000, to cover materials required such as sand and metal. 
Through the courtesy and generosity of the Canadian Bureau of 
Mines, the, necessary facilities and equipment, as well as the Re- 
search Staff, have been provided, without expense to the Society. 
A complete Progress Report was prepared by Mr. J. W. Meier of 
the Bureau and submitted to the Centrifugal Casting Committee 
for their consideration, at a meeting held during the Annual 
Convention. Because of its length, the Committee deemed it 
necessary to condense the report. Following receipt of recom- 
mendations from the Committee, Mr. Meier will proceed with 
the preparation of a condensed version, suitable for publication 
and transmission to our membership. Since the work is not com- 
pleted, it will continue and at an appropriate time further 
reports will be presented. As far as we know, no additional 
Society funds will be required unless some unusual circumstances 
arise. 


TRANSACTIONS 


Cupola Research Project. Although an important project, 
this Research is not actually a part of the A.F.S.-sponsored Re- 
search Program, but instead is being financed from the special 
“Cupola Research Fund” and therefore does not affect the fiscal 
budget or general funds of the Society. Of the original funds 
donated from this Research, a total of approximately $20,000 
remains unexpended. 

This project was initiated by the Cupola Research Commit- 
tee, under the Chairmanship of Mr. R. G. McElwee, and has 
been actively prosecuted for approximately two years under the 
direction of the Committee, with the actual work being done by 
a full time research worker. Several investigations have been 
conducted, such as a study of the relationship of coke character- 
istics to the behavior in the cupola, the effect of oxygen- 
enriched blast, the effect of booster coke charges, a study of the 
relation to slag analysis to cupola behavior, and the compilation 
of recommended record forms for use in recording daily cupola 
operations in the foundry. Several of these reports have already 
been published in a number of past issues of AMERICAN FOUND- 
RYMAN and additional ones remain to be published when edi- 
torial space is available. 

A study of coke and its behavior in the cupola is to be 
continued through the generosity of the Ford Motor Co. This 
organization has already provided two carloads of coke and now 
has promised four more, made under carefully controlled but 
varying conditions, so that when the coke is utilized under pro- 
duction conditions and carefully observed, useful information 
will be obtained indicating the relation between coking tech- 
nique and cupola behavior. 


Gray Iron Research Project. The Research Committee of 
the Gray Iron Division has selected as its initial research project 
one involving a study of gating and risering of gray iron castings. 
Invitations to bid have been sent to a considerable number of 
institutions and the Committee has selected the successful bidder. 
We are now requesting the approval of the Board of Directors 
for the expenditure of $5,000 so that we may begin negotiations 
with the successful bidder and having reached a mutually satis- 
factory contract, initiate the research. 


Heat Transfer Research. This research has been conducted 
at Columbia University for several years. Each year approxi- 
mately $2,000 has been approved but during the past fiscal year, 
although an amount of $2,000 was included in the budget, only 
about $400 was actually spent, since residual money from the 
previous year was adequate to conclude the phase of the re- 
search being conducted. Definite plans have now been formu- 
lated and the Committee requests that the Board approve a 
maximum of $2,000 for the coming fiscal year. Each year a 
Progress Report has been prepared, and supplemented by reports 
of work done by members of the Committee. At the last Annual 
Convention, two separate reports were prepared and presented, 
one specifically covering the last phase of the research and the 
other a more popular explanation of the influence of heat trans- 
fer studies in the Foundry so as to make this research more 
understandable and useable to the man in the shop. 


Malleable Research. The Malleable Research Project con- 
ducted at the University c Michigan, comprises a study of the 
most suitable microstructu:e preparatory to either flame or in- 
ductive hardening of pearlitic malleable iron, as well as the 
establishment of suitable hardening techniques to produce a 
preferentially hardened surface to a specific depth. A complete 
Progress Report covering the first year’s work ‘was presented at 
the Annual Convention. Additional work is required to con- 
clude the study and the Committee therefore requested the 
Board of Directors at their meeting last April to authorize the 
expenditure of a second $5,000. The contract has been extended 
for another year. 


Sand Research Project. The Sand Research Project, the old- 
est in force, was initiated approximately 10 years ago. At the 
present time efforts are being devoted largely to a study of the 
high temperature properties of holding sands. As has been cus- 
tomary each year, a Progress Report was presented at the last 
Annual Convention and, following review by the Committee, 
will be published in the Annual Transactions. On recommenda- 
tion of the Sand Research Committee, it is requested that the 
Board of Directors authorize an expenditure of $6,000 for the 
coming fiscal year for this project. 
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Steel Research Project. This project is a fundamental study 
of the influence of mold conditions on the development of hot 
tears in steel] castings. The project was initiated in March of 
1948 and up to the present time has involved considerable ex- 
perimentation to design a suitable test specimen which will serve 
as a measure of the susceptibility of hot tearing as influenced by 
various core mixtures. The Society authorized an expenditure 
of $5,000 for the past year’s work and through the generosity of 
the American Steel Foundries, an additional $2,500 was made 
available for this work. Although preliminary findings have 
been encouraging, additional work must be done to substantiate 
the results. The Committee has requested that the Board of 
Directors authorize the expenditure of $5,000 to extend this 
research for the fiscal year 1949-50. 

After a little more than two years of actual operation, it is 
believed that the Research plan is in full conformity with the 
principles, basic intents and policies of the Society. By utilizing 
the foremost talent in the Industry, these Research Projects are 
being capably conceived, planned and guided to a successful 
conclusion. By entering a definitive contract with the organiza- 
tion performing the work, all parties are protected and each 
has a definite understanding of its obligations. 

From these Research Projects, each of the Technical Divisions 
of the Foundry Industry is afforded a source of reliable technical 
information to assist in the improvement of its product and pos- 
sible economics of operation through technical advancement. 
Under this plan, by compelling the members to actively partici- 
pate and assume specific responsibility for these Research 
Projects, they automatically maintain an active interest in the 
affairs of the Society. 


Convention Program 


The Technical Program for the Convention is largely the re- 
sult of the efforts of the several Program and Papers Commit- 
tees. Their performance, however, has been materially assisted 
by our existing publication policy and well planned and orderly 
procedure for the review of technical papers. In excess of 90 
per cent of the technical papers presented at the Annual Conven- 
tion this year were preprinted and made available to the mem- 
bership, gratis on request. Over 3,100 individual members 
requested one or more of the preprints, and all preprint requests 
received in adequate time, were mailed one month in advance of 
the Convention. This affords ample opportunity for a careful 
review of the papers and the presentation of constructive written 
or oral discussion following the author’s delivery. 

At the 1949 Convention, three new functions were scheduled; 
namely, a Gray Iron Round Table Luncheon and two jointly 
sponsored Sessions, one by the Malleable and Steel Divisions and 
the second by the Gray Iron and Malleable Division. The latte1 
comprised a Symposium on the Production of Spheroidal Graph- 
ite Gray Iron and this probably attracted the largest attendance 
ever recorded at a single meeting at any of our Conventions. 

Undoubtedly because-of the success of these functions, similar 
sessions will be sponsored again next year. Similarly, the Gray 
Iron Round Table Luncheon proved unusually successful and it 
is anticipated that it will be an annual event in the future. 


There was an exceptionally large attendance at all of the. 


sessions, giving adequate evidence of the growing interest in 
Foundry technology. 


Publications 


The 1948 Annual TRANSACTIONS, Volume 56, comprising a 
total of approximately 700 pages, was available for distributio 
to the membership during the month of December, 1948. / 
total of 2,700 copies was printed, of which 1,200 were paper- 
bound and sold to members at $1.00 per copy, and the balance 
were clothbound, which sold to members at the pre-publication 
price of $6.00 and post-publication price of $7.00. As has been 
the custom, these TRANSACTIONS were sold to non-members of the 
Society at $15.00 per copy. 

Because of the unusually heavy demand for the “Handbook 
of Cupola Operation,” it was reprinted and available for sale at 


\ 
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the Annual Convention. The “Apprentice Training Standards,” 
developed by the Apprentice Training Committee of the Educa- 
tional Division, was also published and is now available at $1.00 
to members and $2.00 to non-members of the Society. Other 
books which were out of print and because of demand were re- 
printed, include the “Recommended Good Practice Code and 
Handbook on the Fundamentals of Design, Construction, Opera- 
tion and Maintenance of Exhaust Systems,” and the “Bibliog- 
raphy of Permanent Mold Castings.” The book “Development 
of the Metal Castings Industry,” written by National Director 
Bruce Simpson, was printed at the beginning of the fiscal year 
and has been on sale since that time. 

Several books are in process of revision, as well as a number 
of new ones which are well along the way. These new or re- 
vised publications have been individually considered by the 
Publications Committee and plans provide for the publication 
of the following books during the coming year: 

Core Practice (revised) 

Engineering Properties of Gray Iron 

Foreman Training Program 

College Research Projects 

Apprentice Training Course Outline 
Metallography of Cast Metals and Alloys 

Sand Handbook (6th Edition) 

Recommended Practices for Malleable Casting 
Recommended Practices for Precision Casting 
Refractories Manual 

Bibliography of Centrifugal Casting 

While it is not certain at this time that all of these manu- 
scripts will be available and can be printed during the fiscal 
year, the majority of them have progressed to a point where it 
is reasonable to believe that they will be ready for publication. 
Under these circumstances, it becomes apparent that our publi- 
cation load will be a heavy one during the coming year, but it 
likewise satisfies one of the primary purposes of the Society; 
namely, to accumulate and disseminate information relating to 
the science of Founding. 


Cooperation with Other Societies 


Active cooperation is maintained with numerous technical 
societies who have common interests which made such liaison 
mutually advantageous. These contacts are maintained by the 
Technical Director in the following societies: 

American Society of Mechanical Engineers 
(Secretary of Metals Engineering Division) 
American Society for Metals 
American Society for Testing Materials 
American Institute of Mining and Metallurgical 
Engineers 
Society of Automotive Engineers 
American Ordnance Association 
Industrial Radium and X-Ray Society 
Chicago Cleaner Air Committee 
(Smoke Abatement Committee) 
and several foreign foundry societies, most important of which 
is the Institute of British Foundrymen. The Technical Director 
also has recently been nominated to serve as a member of the 
Munitions Board Technical Subcommittee of the Foundry In- 
dustry Advisory Committee. 

During the period July 1, 1948 to June 30, 1949, the Techni- 
cal Staff replied to approximately 640 technical inquiries received 
from members of the Society and others interested in matters 
relating to the Foundry Industry. While this is time consuming 
and represents a sizeable burden, it is felt of sufficient overall 
importance to the Industry to justify the work involved. 

The Technical Staff is highly appreciative of the continued 
support and understanding cooperation received from the Execu- 
tive Committee and the Board of Directors of the Society. The 
counsel and encouragement of you gentlemen has been extremely 
helpful in achieving progress and added interest in the techni- 
cal affairs of the Society. 

Respectfully submitted, 


S. C. MAssArRiI, Technical Director 
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Xxiv 
Comparative Condensed Balance Sheets 
As of June 30, 1945-46-47-48 

June 30, 1946 June 30, 1947 June 30, 1948 June 30, 1949 
ASSETS 2 © a ee eer ee ——————— ——  ——_—-—r i. —— 
a Nc 0 sid nia ha ce ROGUE ME $131,341.19 $ 58,216.09 $106,394.93 $ 85,785.57 
Aocommts Baceivable. . .. os. ccc ceccccccs 9,379.56 9,457.28 10,003.03 4,405.03 
Sho aie ctu 4018 iays a8 SE 33,182.95 23,898.63 33,167.40 35,567.65 
BWOOtNORE BOCUPItES. .... 2. cc cceces 181,949.60 181,949.60 178,805.60 133,805.60 
Deferred and Prepaid Items.............. 1,780.21 13,815.04 19,721.40 19,553.00 
Furniture and Fixtures (net)............. 3,765.59 6,354.21 10,744.51 9,791.42 
I S504 ots aniaeamaseWaoueiinn $361,399.10 $293,690.85 $358,836.87 $288,908.27 

LIABILITIES are |i! i aoe ema ads *, 
I IIR oo. 0'59 die sian eon 0s cee oe ave $ 17,948.03 $ 26,450.98 $ 20,899.06 $ 17,085.31 
III ase a. chek & Sie diese » 797.20 667.47 1,099.19 470.91 
Social Security Payroll Deductions........ 1,464.97 233°31 276.99 204.27 
Deferred Dues Income...........cscccees 12,991.53 24,214.13 61,439.16 71,217.06 
Se er err ere 328,197.37 242,074.69 275,122.53 199,930.72 
TL Fenix e505 b aeesms ene mite he $361,399.10 $293,690.85 $358,836.84 $288,908.27 





Condensed Statement of Income & Expense 
(Ali Expenses Distributed to Major Activities) 


Fiscal Year July 1, 1948-June 30, 1949 


INCOME 
IC IIR, (5.55 6 Caw ose ocnsnneachecuneeeeaus $148,123.63 
se a ha a er 27,422.35 
Pe TOUT IBA og be oc ve dicikcccisencivvdeee 144,474.26 
SD  cictiwide Winn dane aw dGn dees eae ee gras 10.467.77 
I ers a hl eee ee atl 1,047.71 
EE ais os oe Lalas tamara nee $331,535.72 
Appropriations Budgeted: 
EE OCR PO oe ROE EE $ 12,950.00 
ce a is ob a awe aeee es Lea wuNs 29,500.00 
From General Reserve Fund .............0..0002. 30,000.00 
ee eae edits shud Stake lve te oe $403,985.72 
EXPENSE 
Total Expense 
Amount Per Cent 
AMERICAN FOUNDRYMAN ..........+..--++-$137,674.32 34.2 
Ee 40,760.08 10.1 
I Ne hn Siok a dis le @temecqileing-eiee soi 25,152.38 6.2 
I PEt OE ONL 52,054.57 13.0 
Education & Other Technical Activities .... 13,276.70 3.3 
Membership Department ................. 31,695.00 7.9 
0 errr ee eer eee 52,153.03 13.0 
General Administration ................... 37,569.86 9.3 
I i ekg diy Ste wane a 11,912.15 3.0 
Ee ccntht Je dhethadivenbcken eee $402,248.09 100.0 














FINANCIAL STATEMENTS 


Comparative Membership Report 
As of June 30, 1945-1949 Inclusive 









June 30, 1945 


June 30, 1946 








June 30, 1947 


June 30, 1948 





June 30, 1949 

















Sustaining Members.................. 239 183 193 199 221 
CN RNIONB 5.0 550 scien cecscce 1,571 1,462 1,548 1,525 1,380 
aoa soso aac oeeseces 5,722 6,426 7,358 7,860 7,508 
Student and Apprentice Members....... 23 20 89 307 430 
Honorary Life Members............... 55 58 64 63 69 
re eee 205 390 430 449 455 

MS Ia SG Sak ds vals dew Adidas edie gtd 7,815 8,539 9,683 10,403 10,063 
New Members, 12 months............. 1,803 1,743 2,164 1,979 1,755 
iid odin = 5c: kic nn FN Om Nentiaates 235 370 186 286 303 
Delinquents dropped.................. 356 631 829 948 1,759 
ene A eee ee 17 18 5 25 33 
Cg Pr rere er 1,195 724 1,145 720 340 (loss) 
Members in Chapters. ................ 7,110 7,767 8,809 9,519 9,253 

Chapter Membership Distribution 
June 30, 1949 
Student Honorary 
Personal Personal and and Life 
Chapter Sustaining Company Personal Affiliate Associate Apprentice Membership Totals 

ii Sin sgeeeesene sae eon 5 34 72 143 7 1 2 264 
Metees Gere. 5... cee cees 0 13 22 28 8 1 0 7? 
I oo occ cd acces dae cae 1 30 30 88 2 0 0 151 
eS ere 1 11 24 76 1 1 1 115 
CE IIs onc cscs rsceseceus 5 31 56 129 4 7 0 232 
Central Michigan......... 0 12 32 53 2 3 0 102 
OS > OO ee errr eer 1 31 44 76 5 9 1 167 
I oi id Sine 6 9a dma are wm oR 5 28 40 132 5 0 2 212 
IIIS 5 n.4.0:0s 0's 6 ong 0'ed-e0 6 ome 3 24 54 71 31 1 5 189 
CD, ooo cncss ee Sea : 26 99 206 416 12 14 10 783 
rere Ty 14 42 92 131 6 20 3 308 
Ne Sibi 4 acksarek wrmeree nck inoue 14 50 133 241 16 17 9 480 
ee RT ee eee 6 46 73 184 13 8 1 331 
Oe OE Sr errr re ere 0 15 20 58 3 6 0 102 
EE Re ee Pere 10 61 138 150 14 9 4 386 
I 6 05nd aiGiaora ein Sid sn winienate «ies 0 5 26 6 0 2 0 39 
niece dil eenak shear eees 4 33 50 92 3 1 0 183 
0 Re ee eee 1 6 34 11 3 1 0 56 
Northeastern Ohio.............. eee 21 75 129 287 11 17 7 547 
Northern California................. bu 8 17 98 88 11 7 0 229 
No. Illinois and So. Wisconsin.......... 4 16 18 58 2 1 1 100 
Northwestern Pennsylvania............. 1 29 45 88 2 10 0 175 
NS £5 cite a 6 eps pa eea ea bales ee 6 77 109 110 3 3 1 309 
ee 8 cet ncninkne as wed ee edness 2 8 27 63 5 2 0 107 
NS nea: ial nckim eames 16 59 121 169 12 0 5 382 
EP ee ee 5 34 60 128 2 2 2 233 
Sic crate da tit imnipig gibson alta eis 1 12 30 46 3 + 0 96 
Saginaw Valley........... 6 16 28 199 2 25 1 277 
Se 3 40 102 119 4 1 0 269 
Southern California................. 4 51 137 109 11 4 1 317 
EE issue os cu cS owosta laces 0 15 39 84 3 2 0 143 
ENE Se uid, cle Cb ah hese oe Ree ene es 6 27 57 51 5 1 0 147 
5 0 Se rer ene ere 1 5 42 19 7 0 0 74 
NE Ne iaicns >, 5 wm 46k ership ore Sas ocalee 1 19 32 52 1 1 1 107 
ey et a , 0 9 50 28 3 0 1 91 
is ts ae edrmne Gams kien 4 39 49 107 9 2 1 211 
So ns ne sake ew eon 0 11 26 12 9 2 0 60 
Western Michigan...... PEE KF. 5 26 37 131 2 3 1 205 
NE MEE UN ois ois ob seed ewshas 1 40 79 94 5 2 1 222 
CA os) Set onebun sk adh sanedmune 18 88 115 307 10 11 3 552 
ME ss se tk Pe weighs Nea be Reine nea es 209 1,284 2,576 4,434 257 201 64 9,025 
STUDENT CHAPTERS: 
Massachusetts Institute of Technology... — — — — 1 51 — 52 
Missouri School of Mines............... — - — - 3 41 — 44 
ee — — — — 1 36 — 37 
Opapon State College. .... 2... ccc ccsee — — — -- 38 — 38 
EE aca c kre occ kecsacieatene — — — - — 27 — 27 
University of Illinois.................. — ~ — — - 30 — 30 
Total Student Chapters................ — — — — 5 223 — 228 
EE ee yer re 209 1,284 2,576 4,434 262 424 64 9,253 
a oss cd ewe hekdsebad huss 0 31 400 13 9 1 1 455 
NS 5 brian namnde wana ened 12 96 110 94 32 6 5 355 


Rs ora. et oe a 

















Minutes 
Special Meeting 1948-49 Board of Directors 
Palmer House, Chicago—July 29, 1948 


Present: President W. B. Wallis, presiding 
Vice President E. W. Horlebein 
Directors: 


(Terms expire 1949) (Terms expire 1950) (Terms expire 1951) 


J. E. Kolb E. H. Delahunt T. H. Benners, Jr. 
B. L. Simpson W. J. MacNeill N. J. Dunbeck 
S. C. Wasson J. M. Robb, Jr. A. M. Fulton 


F. C. Riecks Robert Gregg 


V. E. Zang 


Max Kuniansky 


Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Absent: Directors H. A. Deane, H. G. Lamker, A. C. Ziebell. 


CALI. TO ORDER 


President Wallis called the meeting to order and immediately 
proposed a motion of appreciation to Past-President Max Ku- 
niansky. On motion by Director Simpson, seconded by Director 
Robb and carried, the Board of Directors went on record ex- 
pressing their appreciation of the work of Past-President Ku- 
niansky during his term of office as President. 


APPOINTMENT OF NOMINATING COMMITTEE 
President Wallis then declared that the main purpose of this 


special meeting was to formulate the Executive Committee of 
the Board for the fiscal year 1948-49. He appointed as a Nomi- 
nating Committee, to submit the names of candidates: Directors 
Simpson (Chairman), Delahunt and Gregg, who retired and 
on return nominated Directors Robb, Wasson, Zang and Kunian- 


sky for the 1948-49 Executive Committee. 


On motion by Director MacNeill, seconded by Director Witt- 
linger and unanimously carried, nominations were closed and 


the following Executive Committee declared elected: 
President W. B. Wallis, Chairman 
Vice-President E. W. Horlebein 
Director and Past-President Max Kuniansky 
Director J. M. Robb, Jr. 
Director S. C. Wasson 
Director V. E. Zang 


There being no further business to come before the Board, the 


meeting was declared adjourned. 
Respectfully submitted, 


Wm. W. MALONEY, 
Secretary-Treasurer 


Approved: 
W. B. WALLIs, President 





Minutes 
Special Meeting 1948-49 Executive Committee 
Palmer House, Chicago—July 29, 1948 


President W. B. Wallis, presiding 

Vice President E. W. Horlebein 

Director and Past-President Max Kuniansky 
Director J. M. Robb, Jr. 

Director $. C. Wasson 

Director V. E. Zang 


Present: 


Secretary-Treasurer Wm. W. Maloney 
Technical Director, $. C. Massari 

President Wallis announced that the purpose of the special 
meeting was to appoint seven members of the Society who would 
form, together with the last two living Past-Presidents, a 1949 
Nominating Committee of nine members, as required by the 
By-Laws, Art. X, Secs. 1-3. The Secretary presented the names 
of candidates submitted by 15 eligible Chapters; 11 eligible 
Chapters failing to submit names. The President pointed out 
that it was desirable to appoint a Nominating Committee which 
would provide equitable regional representation and would give 
proportional representation for the various branches or division 
of membership. 

Following discussion and selection in accordance with the 
By-Laws, motion was duly made, seconded and carried the 1949 
Nominating Committee was appointed as follows: 

Past President Max Kuniansky, Vice-President and Gen. 
Mgr., Lynchburg Foundry Co., Lynchburg, Va.—Chair- 
man. 

Past President S. V. Wood, President & Manager, Minne- 
apolis Electric Steel Castings Co., Minneapolis, Minn. 

Alexander Andrew, Foreman, American Locomotive Co., 


Schenectady, N. Y.— (Rep. Eastern New York Chapter 
and Gray Iron). 

C. E. Shaw, Works Engineer, The American Steel Found- 
ries, Alliance, Ohio— (Rep. Canton District Chapter 
and Steel) . 

Howard B. Voorhees, Fdry. Supt., Peru Foundry Co., 
Peru, Indiana— (Rep. Michiana Chapter and Gray 
Iron) . 

George Zabel, Manager, Fairbanks-Morse Company, Be- 

* loit, Wisconsin— (Rep. No. Illinois and So. Wisconsin 
Chapter and Gray Iron—Bronze & Brass). 

Paul Arnold, Res. Mgr., U. S. Pipe & Foundry Co., Chat- 
tanooga, Tenn.— (Rep. Tennessee Chapter and Gray 
Iron). 

J. O. Klein, Vice-Pres., Texas Foundries, Inc., Lufkin, 
Texas— (Rep. Texas Chapter and Malleable—Alumi- 
num). 

Anton Johnson, Works Mgr., Oklahoma Steel Castings 
Co., Tulsa, Okla.— (Rep. Tri-State Chapter and Steel) . 


The Secretary was instructed to notify the appointees of the 


Executive Committee action and to request acceptances. 


There being no further business to come before the Commit- 


tee, the meeting was declared adjcurned. 
Respectfully submitted, 


Wm. W. MALONEY, 
Secretary-Treasurer 


Approved: 
W. B. WALLIs, President 
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First Meeting 1948-49 Board of Directors 
Palmer House, Chicago—july 30, 1948 


Present: President W. B. Wallis, presiding 
Vice President E. W. Horlebein 


Directors: 
(Terms expire 1949) (Terms expire 1950) (Terms expire 1951) 
J. E. Kolb E. N. Delahunt’ T. H. Benners, Jr. 
B. L. Simpson W. J. MacNeill N. J. Dunbeck 


S. C. Wasson 
Max Kuniansky 


John M. Robb, Jr. A. M. Fulton 

F. C. Riecks Robert Gregg 
V. E. Zang 

Secretary-Treasurer Wm. W. Maloney 

Technical Director S. C. Massari 


Directors retired 1948 (as observers) 
H. H. Judson 
F. M. Wittlinger 
S. V. Wood 


Absent: Directors H. A. Deane, H. G. Lamker, A. C. Ziebell 
A quorum having been established, the President called the 
meeting to order. 


INVITATIONS FOR CONVENTIONS 


Following the call to order, past-director Wittlinger requested 
the floor, in view of his imminent departure, to request that the 
Society seriously consider holding a future technical Convention 
in Houston, Texas. He stated that an analysis of hotel and 
meeting room facilities was being made with the view toward 
providing adequate guarantees, and that this information would 
be made available in the very near future. 

President Wallis thanked Mr. Wittlinger for the invitation 
and stated that it would receive fullest consideration on receipt 
of complete information from Houston with regard to its Con- 
vention facilities. 

At the same time it was pointed out that the Western New 
York Chapter had extended an official invitation to A.F.S. to 
hold a 1950 Convention and Exhibit in Buffalo, and that the 
Eastern Canada and Newfoundland Chapter had extended a 
similar invitation for a Non-Exhibit Convention in Montreal in 
1951, both invitations have been presented at the 1948 Chapter 
Chairman Conference. No action was taken on any of these invi- 
tations. 


STAFF OFFICERS AND COMPENSATIONS 


President Wallis announced that the first business would be 
the election of a Secretary and Treasurer, in accordance with 
the By-Laws, for the fiscal year 1948-49, and appointed Direc- 
tors Kolb, MacNeill and Dunbeck as a Board Nominating Com- 
mittee to submit nominations for these Staff Officers. The Nomi- 
nating Committee withdrew, and on return, Chairman Kolb 
nominated for re-election Wm. W. Maloney as _ Secretary- 
Treasurer. Director Kuniansky moved that the nominations be 
closed and, motion being seconded by Director Simpson and 
carried, President Wallis announced the re-election of the in- 
cumbent Secretary-Treasurer. 

In Executive Session, with members of the Staff excluded, the 
Board of Directors approved recommendations of the Finance 
Committee for Staff salaries and compensations effective July 1, 
1948. 


1948-49 Bupcet or INCOME AND EXPENSE 


A Budget of Income and Expense for the fiscal year 1948-49 
as recommended by the Finance Committee was considered in 
detail and at length. A letter from Director Simpson comment- 
ing on the proposed Budget was read and members of the Board 
expressed some concern with what was termed “Continuation of 
deficit financing” and recommended that closer consideration be 
given the preparation of a Budget of definitely anticipated In- 
come rather than “delegated” Income, as well as factual and 
definitely limited Expense. 

All Directors present were given an opportunity to comment, 
some opinion being expressed that the Society's reserves might 





be inadequate to tide the Society over some future lean period, 
and that a more concrete policy of accumulating additional re- 
serves might be established. In this connection the use of 
excess TDP Funds was fully considered, it finally being agreed 
that such funds might be drawn upon for reserve and/or special 
publications produced during the fiscal year 1948-49, pending 
the development of a longer range policy toward the use of 
these funds. In response to a direct question it developed that 
the consensus was against drastic curtailment of present activi- 
ties and attendant expense therefor, but that consideration 
should be given some reasonable reduction of expenses, especially 
in the forthcoming non-exhibit year. 

In concluding the discussion, a motion was made by Director 
Simpson, seconded by Director MacNeill and carried, authorizing 
President Wallis to appoint a Special Budget Committee to es- 
tablish a new Budget within 30 days, with the provision that the 
Board of Directors would have the right to readjust such Bud- 
get at its November meeting, and with the further provision 
that no long-range program be budgeted except for the Tech- 
nical Department. 

President Wallis appointed the following Special Budget 
Committee: Director Wasson (Chairman) , Vice-President Horle- 
bein, and Director Robb. 


STANDING AND SPECIAL COMMITTEES 


President Wallis announced that the 1948-49 Finance Commit- 
tee would consist of the President as Chairman, Vice-President 
Horlebein, and Director Robb. 

The President then announced the following Chairmen of 
Standing and Special Committees for the fiscal year: 

National Membership Committee— 
Vice-President Horlebein, Chairman 
(Personnel to include all Chairmen of Chapter 
Membership Committees.) 
Chapter Contacts Committee— 
Vice-President Horlebein, Chairman 
Technical Correlations Committee— 
Past-President S. V. Wood 
By-Laws Committee— 
H. Bornstein, Deere & Co., Moline, Ill., Chairman 
Annual Lecture Committee— 
G. Vennerholm, Ford Motor Co., Detroit, Chairman 
Auditing Committee— 
Director S. C. Wasson, Chairman 
Publications Committee— 
H. M. St. John, Crane Co., Chicago, Chairman 
International Relations Committee— 
Secretary Wm. W. Maloney, Chairman 
Director Robert Gregg 
Representatives to National Castings Council— 
President Wallis 
Vice-President Horlebein 

President Wallis requesting Board approval, motion was 
made by Director Kuniansky, seconded by Director MacNeill and 
carried, authorizing the appointment of such committees, and 
approving the Committee appointments. 


A.F.S. ReseaRcuH Projects 


Recommendation of the 1947-48 Board of Directors for ap- 
proval of A.F.S.-sponsored Research Projects to a total of $29,500 
during 1948-49 was approved on motion by Director Kuniansky, 
seconded by Director Robb and carried, covering Research 
Projects recommended by the Technical Director. 


INCREASE IN MEMBER DUES 


Recommendation of the 1947-48 Board for increasing the 
dues of Personal (Affiliate) Members from $8.00 to $10.00 per 
year was considered at length. It being pointed out that main- 
tenance of Society activities was proving increasingly expensive, 
in light of present conditions it was the consensus that full con- 
sideration should be given the advisability of increasing all dues 
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by a reasonable amount. It was pointed out that the average 
income per member ir. non-exhibit years is considerably below 
average expense, whereas average income in Exhibit years does 
not greatly exceed average expense. 

Following full discussion, a motion was made by Director 
Simpson, seconded by Director Gregg and unanimously carried, 
increasing the dues of members in accordance with the right of 
the Board of Directors under Article III, Sec. 2 of the By-Laws, 
on the following schedule, effective January 1, 1949: 


New Annual Dues 
Effective 
Jan. 1, 1949 


Present 


Member Class Annual Dues 





Sustaining minimum $100.00 minimum $150.00 
Company 50.00 65.00 
Personal 15.00 20.00 
Personal (Affiliate) 8.00 10.00 
Personal (Associate) 8.00 8.00 
Student and Apprentice 4.00 4.00 


Director Wood declared that the major problem in the accept- 
ance of a new dues rate by the members involved a campaign of 
selling the members on how they can get the most out of their 
memberships and urged that the Staff announce the new dues 
schedule in accordance with this thought. 


AMERICAN FOUNDRYMAN ADVERTISING RATES 


Recommendation of the 1947-48 Board of Directors to in- 
crease advertising rates in AMERICAN FOUNDRYMAN from $225 
basic page rate to $250, effective January 1, 1949, was accepted 
on motion by Director Kuniansky, seconded by Director Simpson 
and unanimously carried. It was understood that advertisers 
contracting for space prior to January 1, 1949, would be pro- 
tected at the former rates during the calendar year 1949. 


AMERICAN FOUNDRYMAN SUBSCRIPTION RATES 


Recommendation of the 1947-48 Board of Directors to revise 
AMERICAN FOUNDRYMAN subscription rates to $3.00 domestic and 
$6.00 foreign (instead of the former $4.00 to members and $6.00 
io non-members) was accepted on motion by Director Kunian- 
sky, seconded by Director Robb and unanimously carried. 


CONVENTION REGISTRATION FEES 


Recommendation of the 1947-48 Board of Directors to set 
registration fees for the 1949 non-Exhibit Convention in St. 
Louis at $5.00 to Members and $7.50 to Non-Members was ac- 
cepted, on motion by Director Simpson, seconded by Director 
MacNeill and unanimously carried. 


DIsTRIBUTION OF BouND VOLUMES 


- Recommendation of the 1947-48 Board of Directors was again 
discussed calling for the issuance of paper-bound copies of the 
Bound Volume of TRANSACTIONS to Members gratis on request, 
of cloth-bound copies to Company, Sustaining and Honorary 
Life Members gratis on request, and for the pricing of cloth- 
bound copies to others at a minimum of 10 per cent over cost 
to Members, and 50 per cent over cost to Non-Members. 

On motion by Director Kuniansky, seconded by Director 
Robb and carried, the Board of Directors approved (a) distribu- 
tion of paper-bound copies of the Bound Volume of TRANsAC- 
TIONS to members at a price of $1.00 on pre-publication orders, 
(b) of cloth-bound copies to Company, Sustaining and Honorary 
Life Members gratis on request, and (c) to all others at a 
minimum price of 10 per cent over cost to Members, and 50 per 
cent over cost to Non-Members. At the same time it was deter- 
mined that “cost” would be determined on the basis of the total 
production cost of an entire issue of a single year’s Bound Vol- 
ume, divided by the total number of copies printed, whether 
bound in paper or in cloth, and it was understood that action 
of the Board included this interpretation. 

(NOTE: It was later determined that distribution of Vol. 56 
(1948) would be as follows: Paper-bound copies to members, 
$1.00 each on pre-publication orders; cloth-bound copies to 
Company, Sustaining and Honorary Life Members gratis on 
request; cloth-bound copies to other members at $6.00 each on 
pre-publication orders, $7.00 post publication; and to Non- 
Members at $15.00 each.) 











TRANSACTIONS 


TECHNICAL DEVELOPMENT PROGRAM FuNDs 


The tabled motion on utilization of TDP funds was consid- 
ered and discussed further, it being pointed out that it was nec- 
essary to adopt for 1948-49 budgetary provisions for the issuance 
of special publications and the performing of A.F.S.-sponsored 
research. On motion by Director Simpson, seconded by Director 
Kuniansky and carried, the B.ard voted unanimously to author- 
ize the withdrawal of $29,500 from TDP Funds during 1948-49 
to finance A.F.S.-sponsored Research Projects, with the prevision 
that the balance of this fund be not budgeted without specific 
Board approval. 


APPROVAL OF RESOLUTIONS 


The following resolutions required by the banks and by the 
Staff for operations during the fiscal year 1948-49 were read and 
unanimously approved on motion by Director Kuniansky, sec- 
onded by Director Simpson and carried: 

(a) RESOLVED that resolutions required by the Harris 
Trust & Savings Bank of Chicago, and by the North- 
ern Trust Co. of Chicago, authorizing the withdrawal 
of funds, are hereby approved and the Secretary 
authorized to certify thereto. 

(b) RESOLVED that checks for the withdrawal of funds 
deposited in the name of the Society with depository 
banks, including all general checking accounts and 
interest savings accounts, and for the withdrawal of 
all securities held in the various funds of the Society 
by the Trust Department of the Harris Trust & Sav- 
ings Bank of Chicago, shall require the signatures of 
any two of the following officers: President, Vice- 
President, Secretary-Treasurer, Technical Director. 

(c) RESOLVED that the Board of Directors authorize a 
Treasurer’s expense account of One Thousand Dol- 
lars ($1,000.00) , said account to be reconciled at the 
end of each month by full statement of expenditures, 
and withdrawal checks to be signed by any one of 
the following: President, Vice-President, Secretary- 
Treasurer, Technical Director. 

(d) RESOLVED that the Secretary be authorized to rent 
a safety deposit box at the Harris Trust & Savings 
Bank of Chicago for the safekeeping of Society securi- 
ties, and that any two of the following have authority 
to obtain access to such safety box: President, Vice- 
President, Secretary-Treasurer, Technical Director. 

(e) RESOLVED that the Secretary be authorized to re- 
imburse travel expenses for members in attendance 
at any regularly called Board of Directors, Executive 
Committee, or Technical Committee meeting, with 
the following exceptions: No expenses shall be paid 
to Directors or Committee members for attendance at 
meetings held during the week of the Annual Con- 
vention of the Society, unless specifically authorized 
by the Board of Directors. When meetings are held 
in conjunction with other committees or associations, 
the Secretary is authorized to determine what portion 
of the expense of such attendance shall be paid by 
the Society. 

(f) RESOLVED that the present Blanket Indemnity 
Bond be renewed covering all Staff members for Five 
Thousand dollars ($5,000.00), except that the In- 
demnity Bonds be purchased covering the Secretary- 
Treasurer and Technical Director for Fifty Thou- 
sand dollars ($50,000.00) each, premiums to be paid 
by the Society. 

(g) RESOLVED that the Secretary be authorized to 
exeoute all contracts for the administration of Society 
affairs, subject to specific approval by the Board of 
Directors. In the case of A.F.S.-sponsored research 
projects, approval of the project by the Board of 
Directors includes the authority for the Secretary 
to execute contracts for performance of such projects 
on a bid basis. 


SAND DivisIon CONSULTANT 


Technical Director Massari recommended retention of Dr. 
H. Ries as Consultant for the Sand Division, as in previous 
years. On motion by Director Kuniansky, seconded by Director 
Riecks and carried, recommendation approved. 
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1949 CHAPTER CHAIRMAN CONFERENCE 


The President, Vice-President and Secretary reported on the 
1948 Chapter Chairman Conference held in Chicago, June 28-30, 
and termed it one of the most successful Conferences held. Rec- 
ommendation of the Secretary that greater consideration be given 
the extending of invitations to Chapter Officers was approved 
in principle by the Board. On motion by Director Kuniansky, 
seconded by Director Robb and carried, the Board authorized 
the holding of a Chapter Officers’ Conference in 1949 and the ex- 
tension of invitations to the Chapter Chairmen and Vice- 
Chairman, where the Vice-Chairman is also Program Chairman 
—otherwise, to the Chapter Chairman and the Program Chair- 
man. 


MEMBERSHIP RENEWAL DATES 


For information purposes the Secretary outlined briefly a 
plan for the proration of member dues so that all memberships 
within any one Chapter henceforth would fall due on a certain 
date each year, the intention being to establish such plan effec- 
tive January 1, 1949. The Presiderit pointed out that this matter 
was one for Staff administration and establishment and _ that 
Board action would be unnecessary. 


APPROVAL OF 1950 CONVENTION CITY 


The Secretary presented results of a study of Convention 
cities prepared by Convention Exhibit Manager Hilbron, with 
a view to selection of the 1950 Convention and Exhibit City. 
[his study discussed in detail the respective facilities of Cleve- 
land, Chicago, Detroit and New York City, and the Secretary 
then recommended that the 54th Annual Convention in 1950, 
to be coupled with an Exhibit be held in the Cleveland Munici- 
pal Auditorium. On motion by Director Kuniansky, seconded 
by Director Simpson, Secretary’s recommendation was unani- 
mously approved. 


A.F.S. AND FEF EpucATIONAL PROGRAMS 


The Secretary presented for discussion, at the request of P. E 
Rentschler, President of the Foundry Educational Foundation, a 
letter calling attention to solicitation of funds by the Central 
Ohio Chapter of A.F.S. for educational purposes at Ohio State 
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University. Mr. Rentschler questioned the advisability of mis- 
cellaneous fund solicitations by A.F.S. Chapters for such pur- 
poses, stating that this might seriously compromise and em- 
barrass similar solicitations for the Foundry Educational Founda- 
tion, now strongly supported by many foundry groups. 

It was the consensus of the Board that such solicitations were 
opposed to Art. XVII, Sec. 5, which states “no action of or 
obligation incurred by a Chapter shall be considered an action 
or obligation of the Society without prior approval by the Board 
of Directors of the Society.” It was the consensus that Chapter 
solicitation of educational funds would inescapably bear the 
name of the Society, and that the Board of Directors could not 
approve fund solicitations in conflict and embarrassing to solici- 
tations by the Foundry Educational Foundation. Director Dun- 
beck volunteered to discuss the matter with the Board of Direc- 
tors of the Central Ohio Chapter, and to notify Mr. Rentschler of 
the outcome. 

The Secretary presented a communication from the Trustees 
of the Foundry Educational Foundation, outlining in general 
terms what might be termed the respective educational functions 
of FEF and A.F.S. Director Wasson in comment indicated that 
the FEF now felt itself in position to handle any educational 
matter pertaining to colleges and universities. Consensus of the 
Board was that this general outline should govern for the Edu- 
cational activities of A.F.S. and that all matters with respect to 
colleges and universities levels to be referred to the Foundry 
Educational Foundation for action, and that A.F.S. would, for 
the most part, confine itself to educational activities among 
vocational and trade schools. 


1949 NOMINATING COMMITTEE 


President Wallis announced appointment of the 1948-49 
Nominating Committee of the Society as appointed by the 
Executive Committee. (See Minutes of Executive Committee, 
July 29, 1948.) 

There being no further business to come before the Board, 
the meeting was declared adjourned. 

Respectfully submitted, 
Wan. W. MALONEY, 
Secretary-Treasurer 
Approved: 
W. B. WALLIs, President 





Minutes 


Special Meeting of Board of Directors 
Drake Hotel, Chicago—October 4, 1948 


Roll Call: President W. B. Wallis, presiding 
Vice-President E. W. Horlebein 
Directors: 
(Terms expire 1949) (Terms expire 1950) (Terms expire 1951) 
H. A. Deane John M. Robb, Jr. N. J. Dunbeck 


J. E. Kolb F. C. Riecks 

B. L. Simpson 

S. C. Wasson 

Secretary-Treasurer Wm. W. Maloney 


Technical Director S. C. Massari 


Absent: 
Directors T. H. Benners, Jr. H. G. Lamker 
E. N. Delahunt W. J. MacNeill 
A. M. Fulton V. E. Zang 
Robert Gregg A. C. Ziebell 


Max Kuniansky 
A quorum of nine having been established, President Wallis 
called the meeting to order. 


READING OF MINUTES 


Minutes of the July 30 Board meeting having been mailed 
all Directors and approved by letter ballot, reading was dis- 
pensed with on motion, duly made and carried. 





MEMBERSHIP REPORT 


The Secretary presented a membership report for the period 
July 1-Aug. 31, 1948 showing a net increase of 43 over the total 
of 10,406 on July 31, to 10,446 on August 31, after removal of 
311 delinquent members dropped during this period. Total 
circulation of AMERICAN FOUNDRYMAN: 10,613, including 167 
paid subscriptions, 10,446 members. 


FINANCIAL REPORT 


The Treasurer presented a financial report for the period 
July 1-Aug. 31, 1948, including statement of Earned Income 
and Expense; also a comparison of “Normal” vs. Exhibit Income 
and Expense for the period 1937-38 to 1947-48. 


REportT OF TECHNICAL ACTIVITIES 


The Technical Director offered a report on technical progress 
during the period July 1-Aug. 31, including data on publica- 
tions, research, committee meetings and 1949 Convention plans. 
He also called attention to the report of the Technical Correla- 
tions Committee sent all Board members. 

Director Deane urged that more publicity on A.F.S. technical 
activities be developed, especially to the attention of top man- 
agement. 






REINVESTMENT OF SURPLUS FUNDs 


The Secretary reported that $35,000 in U. S. Government se- 
curities, called on October 1, 1948 and representing $20,000 in 


(c) 








That the Budget for Production of Special Pub- 
lications be set at a maximum of $23,200. Motion 
by Director Simpson, seconded by Director Wasson, 
carried. 


TDP funds and $15,000 in General Reserve funds, had been (d) That the Budget for AMERICAN FOUNDRYMAN ex- 
reinvested in short-term Government securities, on recommen- pense be accepted as proposed by the Budget Com- 
dation of the Finance Committee. On motion by Director Simp- mittee. Motion by Director Simpson, seconded by 
son, seconded by Director Wasson and carried, such investment Director Wasson, carried. Basis of Acceptance: 
was approved. It was suggested that the Finance Committee look SE ae 
more closely into prices of longer term Government securities TREE TS nL eget Meow 5,000 
prior to next investment of surplus funds. Ls 5 sendin kd ehiin- cis ddan 2.200 
Commissions & Discounts ........ 17,000 
Texas A. & M. StupENT CHAPTER I ie inaivenigde se casesboides 3,000 
The Secretary presented for approval a petition for establish- a re 
ing the 7th Student Chapter of A.F.S. at College Station, Texas, (e) That A.F.S., as an economy measure, withdraw its 
in view of all requirements having been fulfilled. On motion by full support ($2,000 annually) of the foundry ex- 
Director Deane, seconded by Director Simpson and carried, the hibit at the Museum of Science and Industry, Chi- 
petition was approved. cago. Motion by Director Simpson, seconded by 
Vice-President Horlebein, carried. 
INCOME AND EXPENSE BupGET 1948-49 (f) That all except $29,500 in the T.D.P. Fund be 
‘ : F , accounted for and, as the consequence of such ac- 
Director Wasson, as Chairman of the Special Budget Commit- : : aa - : a 1 Aiea s 
tee appointed by the Board July 30th, presented for consideration counting, the bulsecs prepetty be tneteue’ Sate 
PI ees *P vig the Gereral Reserve Fund; and that the $29,500 ex- 
the 1948-49 Budget of Income and Expense prepared by his : ae , ; cect 
, é : Sogo ‘ ee cepted be utilized for financing Research activities 
committee in meeting August 26-27 in Chicago. He requested a : . 
: : ee to a maximum of that amount in 1948-49. Motion 
full discussion by the Board on (a) what A.F.S. activities should fap Pho “yhene . aa nr 
pe “i ‘ i f by Director Wasson, seconded by Director Simpson, 
be maintained intact, (b) ways and means of increasing income, pee 2 
at of (<) — i ro eg cubject to equitatte atjetaeet in Ene (g) That a campaign be instituted in 1948-49 to obtain 
” —— a et ‘ - $500 memberships from each Sustaining Member of 
Following extensive discussion, a Budget of Income and Ex- the Society, and that this campaign be handled by 
pense for 1949 was approved, as follows: present and past Officers and Directors of A.F.S. 
Income — Total $428,350, including $12,950 appro- Motion by Director Simpson, seconded by Director 
priated from 1947-48 Surplus, and $29,500 Wasson, carried. 
appropriated from T.D.P. Fund. (h) That the Board approves the desire to reduce an- 
Expense—Total $428,350. nual rentals for the National Office and authorizes 
In establishing the 1948-49 Budget, certain motions were duly an investigation of rentals in lower priced areas, 
made, seconded and carried, thereby establishing Board policies, giving the Executive Committee power to act. Mo- 
as follows: tion by Director Wasson, seconded by Director 
(a) That the Secretary endeavor to establish means of __ Simpson, carried. ’ : 
increasing the sale of Special Publications on some (i) That the Secretary should discuss with the Board 
reasonable commission basis. Motion by Director of Awards the $1000 budgeted for making new 
Robb, seconded by Director Wasson, carried. A.F.S. dies for gold medals of the Society, with a 
(b) That the pricing policy on Specia! Publications, as view to requesting the Board of Awards to absorb 
employed by the American Society’ for Metals, be this expenditure from current Award Funds interest. 
adopted by A.F.S. Adopted without motion. Adopted without motion. 
(j) That payrolls of the National Office, during 1948- 


Example: 





49, be adjusted to an annual basis of $107,300 total, 
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Production Cost, 5000 copies ..........$10,000 (e.g.) including $42,500 Executive, and $64,800 Clerical; 
—_—— : Lp Se and that the Secretary make such adjustment effec- 
oneramee meee per copy ............$ 200 tive November 1, 1948. Adopted in executive session. 
Overhead, 100% ......+--..-..see ees __ 2.00 There being no further business to come before the Board, 
Total Production Cost ............$ 4.00 the meeting was declared adjourned. 
ene .80 Respectfully submitted, 
ee Wan. W. MALONEY, 
Ak Gere er rerre rr. $ 4.80 Secretary-Treasurer 
Member Price (4/3 of Total Cost) ....$ 6.40 Approved: 
Non-Member Price, 50% Incr. ........$ 9.60 W. B. WALLIS, President 





Minutes 
Mid-year Meeting of Board of Directors 
Bismarck Hotel, Chicago—January 14, 1949 





Roll Call: President W. B. Wallis, presiding 
Vice-President E. W. Horlebein 
Directors: 


Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 


(Terms expire 1949) (Terms expire 1950) (Terms expire 1951) Absent: 
H. A. Deane FE. N. Delahunt’ T. H. Benners, Jr. 
J. E. Kolb W. J. MacNeill N. J. Dunbeck Directors: 


S. C. Wasson 
A. C. Ziebell 


Robert Gregg 
Max Kuniansky 


F. C. Riecks 
J. M. Robb, Jr. 


A. M. Fulton 
V. E. Zang 


H. G. Lamker 
B. L. Simpson 
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READING OF MINUTES 


Minutes of the meeting of the Board of Directors held Oct. 4, 
1948, having been mailed all Directors, their reading was dis- 
pensed with. On motion by Director MacNeill, seconded by 
Director Dunbeck and carried, the Minutes were approved. 


REPORT OF THE SECRETARY 


The report of the Secretary for the 6-month period ended 
Dec. $1, 1948, was read and, on motion duly made and seconded, 
accepted. In his report the Secretary covered Membership, in- 
creased Dues, Dues pro-ration, Chapter matters, the Publications 
Committee, International Relations and Education. The report 
indicated a net gain of 11 members between July 1 and Decem- 
ber 31, 1948, pointing out that current business conditions, plus 
the dropping of all delinquent members within 60 days of their 
renewal date, accounted for the small net gain. 

The Secretary stated that announcement of the dues in- 
creases, effective Jan. 1, 1949, had been well received by the 
Chapters and members and that resignations as a result were by 
no means excessive. He also stated that the big job of estab- 
lishing a schedule for pro-ration of dues during 1949, whereby 
all Chapter membcrs’ dues became renewable on the same date, 
had been put into effect with a minimum of confusion and ques- 
tions on the part of the membership. 


REPORT OF THE TREASURER 


The report of the Treasurer for the 6-months period ended 
Dec. 31, 1948, was read and, on motion duly made, seconded 
and carried, was approved. The report showed total Income of 
$238,243.12, or 61.7 per cent of the annual Earned Income bud- 
get (excluding special appropriations) ; also actual Expense of 
$209,025.83, or 48.8 per cent of the annual Expense budget. 

Included with the Treasurer’s report was an enlarged state- 
ment showing distribution of income and expense by activities. 
The Treasurer concluded that finances for the first half of the 
fiscal year were progressing satisfactorily, but cautioned that 
income and expense items would have to be watched carefully 
during the last six months, in view of existing business condi- 
tions. 


Bupcet CONSIDERATIONS 


The Treasurer pointed out that the Board of Directors on 
Oct. 4, 1948, had suggested that the approximately $1,000 cost 
of new dies for the Gold Medal Awards of the Society might be 
borne by the Awards funds. He reported that the Board of 
Awards had declined to set a precedent by accepting the cost of 
new medal dies. Motion was made by Director Simpson,. sec- 
onded by Director Deane, and carried, authorizing an appro- 
priation to take care of the cost of new medal dies, by with- 
drawal of $1000 from the General Reserve Fund, if necessary. 

The Treasurer also pointed out that income from sales of 
Bd. Vol. 56 (1948) had been overestimated by approximately 
$4,000, but that the expense budget for Bd. Vol. 56 had also 
been overestimated by some $6,000. Following brief considera- 
tion, the matter was referred to the Publications Committee for 
possible budget recommendations, after complete cost figures 
on the bound volume should become available. 


REPORT OF THE TECHNICAL DIRECTOR 


The report of the Technical Director for the 6-months period 
ended Dec. 31, 1948, gave a comprehensive outline of A.F.S. 
research projects and indicated that the Gray Iron Division may 
presently request its own appropriation for research, in addition 
to the present Cupola Research program. 

The report also indicated difficulties in publishing new books 
now in process, in view of the current expense budget of $23,200 
for the fiscal year. The question of publications to be issued 
against the budget was deferred until the report of the Publi- 
cations Committee had been presented in the afternoon, after 
which decisions on new publications was referred to the Publi- 
cations Committee. 

One of the Directors requested that more publicity should be 
obtained on research projects, stating that such publicity would 
be of real value in indicating the desirability of greater support 
for A.F.S. by foundry organizations. It was urged that an outline 
of research activities be carried regularly in AMERICAN FOUNDRY- 
MAN. 










REPORT ON AMERICAN FOUNDRYMAN 


The Secretary presented a complete report on AMERICAN 
FOUNDRYMAN for the 6-months period ended Dec. 31, 1948, show- 
ing an increase of $9,000 in gross revenue over the same period 
the previous year. The report covered briefly a number of 
steps taken to improve the editorial content. 


REpPorT ON 1949 CONVENTION 


The Secretary and Technical Director both reported briefly 
on the program for the 1949 Convention in St. Louis, May 2-5. 
A tentative program was presented to each of the Directors. 


Report oF West Coast CHAPTER VISITS 


President Wallis reported on his extensive visits to the West 
Coast Chapters between November 22 and December 16. He 
stated that the West Coast Chapters were grateful for the help 
of A.F.S. in obtaining more and better speakers from the Eastern 
states and expressed the hope that this practice would be con- 
tinued and extended in 1949-50. 

He reported also that no serious objection to dues increases 
had been found, and presented informally a survey of the five 
Chapters on the Pacific Coast. It was stated that Directors Gregg 
and Deane would shortly be visiting the Pacific Coast Chapters 
and that Director Simpson had already completed his visits. He 
urged other Directors planning West Coast trips to inform the 
Secretary in advance so that arrangements might be made for 
them to speak at the Chapters. 


Report oF CHAPTER CONTACTS COMMITTEE 


Vice-President Horlebein reported, as Chairman of the Chap- 
ter Contacts Committee, that most Directors had officially visited 
the Board of Directors of many Chapters and asked each Direc- 
tor, in turn, to comment on his own Chapter visits. 

Vice-President Horlebein expressed the hope that all Direc- 
tors would continue their visits and that they should notify the 
Secretary and himself in advance so that arrangements could be 
made properly and information obtained to present to the Chap- 
ter Boards of Directors. 


REPORT OF PUBLICATIONS COMMITTEE 


H. M. St. John, as Chairman of the Publications Committee, 
entered the meeting and presented detailed recommendations for 
Board consideration. The recommendations were studied and 
certain actions resulted. 

Motion was made by Vice-President Horlebein, seconded by 
Director MacNeill and carried, accepting the Committee’s recom- 
mendation that no single formula be established for pricing 
A.F.S. publications, but that the Committee should establish 
several formulae to be applied to various publications as the 
Committee might later recommend to the Board of Directors. 

Considerable discussion took place on the question of dele- 
gating to the Committee the matter of pricing A.F.S. publica- 
tions. It was the sense of the Board that this function must 
remain a Board function. It was agreed, however, that where 
pricing recommendations of the Committee are inacceptable to 
the Board, the matter would be referred back to the Committee 
for further consideration. 

The question of adopting a set formula for repricing existing 
publications was discussed. It was the sense of the Board that 
the Staff would have latitude in such repricing in order to move 
various books, guided by recommendations of the Publications 
Committee. 

With regard to the pricing of future publications, motion 
was made by Vice-President Horlebein, seconded by Director 
MacNeill, and carried, authorizing the Publications Committee 
to further investigate the pricing of future publications and to 
submit one or more pricing formulae to the Board for approval. 

The Committee recommended that 2,000 additional copies of 
the CUPOLA HANDBOOK, out of stock since early 1948, be reprinted 
as soon as possible from original type and plates, and that these 
copies be priced at $6.00 to members and $10.00 to non-members. 
Motion was made by Director Simpson, seconded by Director 
Deane, and carried. 

The Committee recommended that the Annual Bound Volume 
of ‘TRANSACTIONS henceforth be distributed gratis only to Sus- 
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taining and Honorary Life Members, on request, such free dis- 
tribution to include only cloth-bound volumes. Motion was 
made by Director Simpson, seconded by Director Deane, and 
carried. 

The Committee recommended that all contemplated and 
future books, and other publications for which commitments 
have not actually been made, be submitted to the Committee 
for advance approval. Motion was made by Director Dunbeck, 
seconded by Director Simpson, and carried. 

The Committee recommended that, for the time being, no 
charge should be made to members for preprints of Convention 
papers and that the current policy of no distribution at the 
Convention be continued. Although no Board action was re- 
quested, the sense of the Board was in approval. However, it 
was felt that more publicity should be given at the Convention 
to the existence of A.F.S. publications available for sale. 

On conclusion of the Committee’s recommendations, motion 
was made by Director Robb, seconded by Vice-President Horle- 
bein, and carried, extending a vote of thanks from the Board of 
Directors to the Publications Committee for their thoughtful 
and comprehensive job. 


RECOMMENDATIONS OF BOARD OF AWARDS 


The Secretary presented recommendations of the Board of 
Awards that Gold Medals and Honorary Life Memberships be 
awarded at the 1949 Convention in St. Louis, to the following: 


Gop MEDALS 
The Wm. H. McFadden Gold Medal—To Gosta Vennerholm, 


Metallurgist, Ford Motor Co., Dearborn, Mich., “for outstanding 
contributions to the Castings Industry in the field of ferrous 
metallurgy and practice.” 

The Peter L. Simpson Gold Medal—To R. J. Anderson, 
Works Mer., Belle City Malleable Iron Co., Racine, Wis., “for 
outstanding service to the Society and in the public interest as 
Chairman of the Wisconsin Chapter and of the Wisconsin Cen- 
tennial Foundry Committee.” 

The John H. Whiting Gold Medal—To S. C. Massari, Techni- 
cal Director, A.F.S., “for outstanding contributions in the field 
of ferrous metaliurgy, molding and foundry practice and service 
to the wartime Foundry Industry with the Chicago Ordnance 
District.” 


Honorary Lire MEMBERSHIPS 


To C. J. Freund, Dean, College of Engineering, University of 
Detroit, Detroit, “for sincere and constant service on behalf of 
the Castings Industry by encouraging young men to enter the 
foundry trade.” 

To Anthony Haswell, Pres., Dayton Malleable Iron Co., Day- 
ton, Ohio, “for outstanding and inspiring service to the indus- 
try as President of the Foundry Educational Foundation.” 

To R, L. Lee, Secy.-Treas., Grede Foundries, Inc., Milwaukee, 
Wis., “for steadfast and continuous service to the Society and the 
castings Industry in the field of better foundry costs.” 

To W. B. Wallis, President, Pittsburgh Lectromelt Furnace 
Corp., Pittsburgh, Pa., “upon completion of his term as Presi- 
dent of A.F.S.” 

On motion by Director Zang, seconded by Director Benners, 
and unanimously carried, the recommendations of the Board of 
Awards were accepted in full. 

The Secretary announced that an Awards Manual, summariz- 
ing procedures of the Board of Awards, had been prepared and 
placed in the hands of all members of the Board of Directors 
for study. (/ 

It was stated that the Board of Awards had voted to utilize 
the existing S. Obermayer Fund for establishing a Student Paper 
Contest, beginning with the school year 1949-50, the Contest to 
be judged by the Technical Correlations Committee and the 
awards to be made in the name of the Board of Awards. 

The Secretary reported that by unanimous action of the 
Board of Awards, the Secretary of the Society henceforth would 
act as Secretary to the Board of Awards and keep all records. 


SUSTAINING MEMBERSHIP CAMPAIGN 
President Wallis reported on initiation of a campaign to ob- 


tain $500 Sustaining Memberships and to convert a number of 
present Company memberships to Sustaining status. He stated 
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that prominent men in all Chapter areas were being selected 
and invited to participate by interviewing top foundry manage- 
ment in their localities, and a complete brochure of pertinent 
data was presented to each Director for information. It was 
pointed out that one man in each Chapter would be selected as 
Chairman of a local Committee to get together with other 
individuals and plan each local campaign accordingly. Consid- 
erable discussion followed on ways and means of making the 
campaign successful, and President Wallis stated that the cam- 
paign would begin immediately. 


SAFETY AND HYGIENE 


President Wallis requested reading of the report of the Safety 
and Hygiene Committee of the National Castings Council, held 
Oct. 1, 1948, this report expressing the inability of the Council 
to raise funds for a Safety and Hygiene program, and suggesting 
that a survey be made to determine the interest of the Industry 
in such a program. 

President Wallis announced that the Staff would immediately 
re-form a Safety and Hygiene Committee of A.F.S. for the ex- 
press purpose of revising existing codes of safe foundry practice, 
as a part of the Society’s regular technical committee activities, 
no funds being required to be raised for this purpose. Board 
authorization being requested, a motion was made by Director 
Simpson, seconded by Director MacNeill, and unanimously car- 
ried, authorizing the Secretary and Technical Director to pro- 
ceed accordingly. 

The Secretary called attention to the fact that the A.F:S. 
membership in American Standards Association, dues $500 an- 
nually, was up for renewal, but suggested reconsideration in view 
of inactivity in Safety and Hygiene Work. Following brief dis- 
cussion, a motion was made by Vice-President Horlebein, sec- 
onded by Director Kolb, and carried, authorizing the Secretary 
to discontinue the Society’s membership in A.S.A. for the time 
being. 


INTERNATIONAL COMMITTEE 


The Secretary stated that it was necessary for A.F.S. to renew 
its membership both in the International Committee of Foundry 
Technical Associations and its support of the International 
Committee on Testing Cast Iron, dues to both organizations 
being nominal. Motion was made by Vice-President Horlebein, 
seconded by Director MacNeill and unanimously carried. 


CANADIAN Dues PAYMENTS 


The Secretary announced that arrangements had been virtu- 
ally completed for setting up A.F.S. checking accounts in three 
Canadian banks, thereby making it possible henceforth for 
Canadian members to pay their dues direct to their respective 
Chapters in Canadian funds. He stated that all details would 
be completed and the entire program announced to the Cana- 
dian membership. 

On motior by Director Delahunt, seconded by Director Simp- 
son and unanimously carried, resolutions for establishing Cana- 
dian bank accounts, were approved, as follows: 


RESOLUTION 


RESOLVED that resolutions required by the Royal 
Bank of Canada, Montreal, Quebec, and by its subsidi- 
ary banks at Toronto, Ontario, and Vancouver, B. C., 
establishing checking accounts in the name of the So- 
ciety and authorizing the withdrawal of funds there- 
from, are hereby approved and the Secretary authorized 
to certify thereto. 

RESOLVED that the Treasurers of the Eastern Can- 
ada and Newfoundland, Ontario and British Columbia 
Chapters of the Society are authorized to make deposits, 
in the Royal Bank of Canada and its subsidiary banks, 
of funds received from Canadian members in payment 
solely of membership dues in the Society, and the Secre- 
tary is authorized to make all necessary accounting 
arrangements. 

RESOLVED that checks for the withdrawal of funds 
ceposited in the name of the Society with Canadian 
depository banks, shall require the signatures of any 
two of the following officers: President, Vice-President, 
Secretary-Treasurer, Technical Director. 
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RESOLVED that the Treasurers of the Eastern Can- 
ada and Newfoundland, Ontario and British Columbia 
Chapters of the Society shall each give evidence to the 
Secretary of the existence of Indemnity Bonds covering 
each of them individually and separately, in amounts 
deemed satisfactory to the Society, premiums thereon to 
be paid by the respective Chapters. 


ExHIBIT YEARS 


The Secretary pointed out the necessity for an early decision 
on whether exhibits would continue to be held in even-num- 
bered years and in the Spring months. Advantages and dis- 
advantages of Spring vs. Fall exhibits and even-year vs. odd-yeat 
exhibits were presented and, following discussion by the Board, 
a motion was made by Director Simpson, seconded by Director 
Kolb and carried, authorizing the next two exhibits to be held 
in May 1950 and in the Fall of 1951, and thereafter every two 
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years in accordance with the resolution adopted by the Board 
of Directors of American Foundrymen’s Society in July 1947. 


Next MEETING 


President Wallis pointed out that a Board Meeting had 
originally been scheduled for March, 1949, but stated that, in 
an effort to reduce the Society’s expenditures for Board Meet- 
ings, he was calling a meeting instead on April 8 and invited 
all directors to attend without expense account. He requested 
the sense of the Board; no dissenting voice. 

There being no further business brought forth, the meeting 
was adjourned. 

Respectfully submitted, 
Wan. W. MALONEY, 
Secretary-Treasure? 
Approved: 
W. B. WALLIs, President 





Minutes 


Meeting of Board of Directors 
La Salle Hotel, Chicago—April 8, 1949 


Roll Call: President W. B. Wallis, presiding 
Vice-President E. W. Horlebein 
Directors: 
(Terms expire 1949) (Terms expire 1950) (Terms expire 1951) 
H. A. Deane W. J. MacNeill N. J. Dunbeck 
J. E. Kolb F. C. Riecks A. M. Fulton 
Max Kuniansky V. E. Zang 
B. L. Simpson 
S. C. Wasson 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S$. C. Massari 
{bsent: Directors: 
T. H. Benners, Jr. 
FE. N. Delahunt 
Robert Gregg 
H. G. Lamker 
John M. Robb, Jr. 
A. C. Ziebell 
\ quorum having been established, President Wallis called 
the meeting to order. 


READING OF PREVIOUS MINUTES 


The Secretary announced that Minutes of the Jan. 14, 1949, 
meeting of the Board of Directors had been approved by lette1 
ballot of the Board. On motion duly seconded and carried, 
reading of the Minutes was dispensed with. 


REPORT ON MEMBERSHIP 


The Secretary presented a report of Membership as of March 
31, 1949 showing a total of 10,177, a net loss of 226 from July 1, 
1948 to date. However, he pointed out that an inventory count 
of the membership in January had removed 227 names from 
the rolls. The Secretary stated that New Members and Rein- 
statements totaled 1,486 for the previous nine-months’ period, as 
against 1,485 Resignations, Deaths and Delinquents dropped. 
rhus, aside from the inventory adjustment, there had been, in 
reality, a net gain of one member between July 1, 1948 and 
March 31, 1949. 

The Secretary stated that the Society was feeling the effects 
of business conditions on its New Members acquired, but was 
holding its own. He recommended that special efforts be made 
at the Chapter Officers Conference in June in the matter of 
membership work. It was pointed out, too, that the new dues 
rates effective Jan. 1, 1949, had contemplated a possible member- 
ship loss, but at the same time on appreciable gain in member- 
ship dues revenue. 

The Secretary announced that the Chapter Manual had been 
completely rewritten and would go forward to the Chapter Offi- 
cers attending the Chapter Officers Conference, it being intended 


that suggestions for improvement of the Manual be expressed 
at the Conference, following which the Manual will be printed 
and distributed. 

The Secretary requested an expression from the Board on the 
advisability of increasing greatly the present number of Appren- 
tice Members from 195 total on March 31, 1949. Without vote, 
those Directors who commented, expressed approval of such an 
increase as one of the services that the Society can perform for 
its Company and Sustaining members. 


REPORT ON FINANCES 


The Treasurer presented financial statements as of Feb. 28, 
1949, showing a total Income of $298,687.04 and Expense of 
$277,373.03, as against the budget of $428,350 for the fiscal year. 
Estimates were given, indicating Total Income for the year of 
$375,500 and Expense of $406,780. The Treasurer stated that 
every effort was being made to hold Expense well below the 
assigned budget, pointing out the contemplated reduction of 
some $22,000 from the Expense budget. However, he called 
attention to the fact that these estimates would create a deficit 
of approximately $31,000 from the budget. 

In the lengthy discussion that followed, it was brought out 
that the Society’s income would not be realized because the full 
efiect of actions taken by the Board of Directors on Oct. 4, 1948, 
when the budget for the current fiscal year was finally approved, 
could not be felt during this fiscal year. This includes revenue 
from Dues, Bound Volumes and Special Publications. It was the 
consensus of the Board that activities should not be curtailed 
during the remaining months of the current fiscal year in orde: 
to make up the deficit. 

Motion accordingly was made by Director Wasson and sec 
onded by Director Deane; 

THAT the Society appropriate $6,000 from General 
Reserve Funds to cover the error in budgeting dues 
revenue for the fiscal year 1948-49. 

Motion carried, Director Kuniansky dissenting. 

Motion was made by Director Zang and seconded by Director 
Dunbeck: 

THAT there should be no further reduction in the 
Society's present activities for the balance of the fiscal 
year 1948-49 for the purpose of making up the contem; 
plated deficit. 

Motion carried, Director Simpson dissenting. 

Motion then was made by Director Kuniansky and seconded 
by Director Zang: 

THAT the Society appropriate $24,000 from the Gen- 
eral Reserve Funds to cover the balance of a contem- 
plated deficit for the last four months of the fiscal 
year 1948-49, such deficit having been brought about by 
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the fact that the full effect of Board actions taken on 
October 4, 1948 could not be fully realized until the 
fiscal year 1949-50, such actions involving Sustaining 
Membership and the sale of Special Publications and 
Bound Volumes. 
Motion carried, Director Simpson dissenting. 


EXTENSION OF MALLEABLE Divis1ON RESEARCH PROJECT 


The Technical Director called attention to the fact that the 
Society’s contract for the Malleable Iron Research Project on 
“Selective Hardening ‘of Pearlitic Malleable Iron” had expired 
in January, 1949, and requested an appropriation of $5,000 to 
continue the investigation. On motion by Vice-President Horle- 
bein, seconded by Director MacNeill and unanimously carried, 
the Board voted to renew the Malleable Research Project for 
one year. 


RECOMMENDATIONS OF PUBLICATION COMMITTEE 


President Wallis stated that the Publications Committee had 
met on March 4 but, due to the absence of Chairman H. M. St. 
John and Past President F. J. Walls, no action by the Board 
would be requested until the Committee had fully determined 
what its recommendations to the Board of Directors might be 
on future possibilities of special publications sales. 


CHAPTER VISITS AND CONTACTS 


President Wallis reported briefly on his visits with Chapter 
Boards of Directors, stating that by Convention time he will 
have visited all 40 regular and all seven Student Chapters of 
the Society. 

Vice-President Horlebein, as Chairman of the Chapter Con- 
tacts Committee, called on Directors Fulton, Zang, Dunbeck and 
others to report briefly their experiences and contacts with 
Chapters. Vice-President Horlebein stated that the net result of 
these visits had given the Chapters a strong feeling of having 
some one individual look out for their particular interests and 
expressed the hope that the program would be continued after 
this fiscal year. 
, SUSTAINING MEMBERSHIP 

President Wallis reported briefly on results of the Sustaining 
Membership Campaign to date, stating that his frequent Chapter 
visits had made it impossible to pursue as diligently as he would 
have desired, the obtaining of $500 Sustaining Memberships 
throughout the industry. He expressed the hope that the cam- 
pzign would be continued throughout the calendar year 1949 
and pointed out that maintenance of such memberships there- 
after would be a continuing obligation of future Boards. 


St. Louts CONVENTION REPORT 


The Secretary and Technical Director reported briefly on 
progress of the St. Louis.Convention, stating that practically all 
arrangements had been concluded and final notices to the 
membership had been mailed. 


1951 CoNvENTION City 


The Secretary requested action by the Board of Directors on 
selection of a city for the Convention and Exhibit to be held 
in the Fall of 1951, as called for by Board action on Jan. 14, 
1949. He reviewed facilities of Cleveland, Chicago, Philadelphia, 
New York, Detroit and Atlantic City and expressed the thought 
that it probably would be better to hold the 1951 event in some 
city other than Cleveland, and recommended that serious con- 
sideration be given to Atlantic City, where no A.F.S. Conven- 
tion has been held since 1915. 


‘TRANSACTIONS 


Following discussion, President Wallis suggested that the 
matter first should be considered with the Committee on Ex- 
hibits during the St. Louis Convention and that action be taken 
promptly thereafter by the Board of Directors so that the Staff 
could pursue its arrangements without delay. On motion by 
Lirector Simpson, seconded by Director Kuniansky and carried, 
the President’s recommendation was adopted and the Secretary 
instructed to organize a meeting of the Exhibits Committee on 
Monday afternoon, May 2, followed by a meeting of the Execu- 
tive Committee of the Board that evening for final decision. 


Retirep A.F.S. MEMBERS 


The Secretary pointed out that many A.F.S. members reaching 


. the age of retirement might like to continue their contacts with 


Society activities if the rate of dues was such as to encourage 
that desire. He suggested that consideration be given a dues 
rate of $10.00 per year for retired members, the same as Personal- 
Affiliate Members. Motion was made by Director Kuniansky, 
seconded by Director Riecks and unanimously carried, authoriz- 
ing a dues rate of $10.00 per year for retired members of the 
Society, with the understanding that such memberships would 
be handled direct between the member and the National Office, 
with no refund paid by reason of Chapter affiliation and contacts. 


RECOGNITION 


Director Simpson called attention of the Board to the fact 
that the Board should go on record expressing pride in the fact 
that a member of the Staff, Technical Director S$. C. Massari, 
had been selected by the Board of Awards to receive the J. H. 
Whiting Gold Medal for outstanding contributions to the 
Foundry Industry. On motion by Director Simpson, seconded 
by Director Wasson and unanimously carried, it was so ordered. 


SAFETY AND HYGIENE 


Vice-President Horlebein requested information on status of 
the Safety and Hygiene Committee in order to report thereon to 
the meeting of the National Castings Council in Cleveland April 
14. The Technical Director stated that three companies re- 
quested to appoint a representative on the committee had thus 
far failed to respond, but that every effort was being made to 
complete the committee personnel in cooperation with the 
Chairman, L. C. Wilson. He stated that it was hoped to organ- 
ize a meeting of the committee during the St. Louis Convention. 


A.F.S. QUARTERS 


The Secretary recalled the opinion of the Board as expressed 
Oct. 4, 1948, that effort be made to seek quarters which would 
make possible a considerable reduction in the Society’s head- 
quarters office rents. The Secretary reported that investigations 
had been made in several sections of the city, that certain favor- 
able locations had been examined, and requested authority from 
the Board to carry on negotiations toward affecting a new lease 
and possible sublease of present quarters. On recommendation 
by the President, a motion was made by Director Simpson, sec- 
onded by Director Riecks and carried, authorizing the President 
to appoint a committee to work with the Staff to this end. The 
President thereupon appointed Directors Simpson and Wasson 
for this purpose. 

There being no further business to come before the Board, 
meeting was adjourned. 

Respectfully submitted, 


Wm. W. MALONEY, 
Secretary-Treasurer 
Approved: 
W. B. WALLIs, President 
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Minutes 


Special Meeting of Executive Committee 


Hotel Jefferson, St. Louis—May 5, 1949 


Roll Call: President W. B. Wallis, presiding 
Vice-President E. W. Horlebein 
Director Max Kuniansky 
Director John M. Robb., Jr. 
Director V. E. Zang 
Secretary-Treasurer Wm. W. Maloney 
Absent: 
Director S. C. Wasson 
Observer: 
Vice-President-elect W. L. Woody 

President Wallis stated that the purpose of the meeting was 
to develop further, action taken by the Board of Directors on 
January 14, 1949, calling for a Convention and Exhibit in May, 
1950 and again in the Fall of 1951. 

President Wallis recalled that the Board of Directors met in 
July, 1947 and had adopted unanimously a resolution to the 
effect that the Society had placed itself on record as favoring the 
staging of an exhibit not more frequently than every two years, 
and had expressed the hope that this policy would be ratified 
by succeeding Boards of Directors. He stated that the intention 
of A.F.S. to stage an exhibit in the Fall of 1951, some 18 months 
after the scheduled exhibit in May, 1950, had given the exhib- 
itor organizations some concern that A.F.S. might not be adher- 
ing to the July 1947 resolution on exhibit frequency. The Presi- 
dent stated that he believed the incumbent Board was fully 
in accord with the 1947 resolution and did not feel that the 
staging of an exhibit in the Fall of 1951 would in any way be 
departing from the previously stated policy. 

The President recalled the several reasons why the Board 
desired to change from exhibits in even-numbered years to odd- 
numbered years, and to change from Spring shows to Fall 
shows: to avoid the hazard of a recurring Spring coal strike; 
to avoid the effect of Presidential election influences on every 
second exhibit in even-numbered years; the belief that a Fall 
trade show could be translated promptly into terms of the 
following year’s equipment budgets, whereas Spring show inter- 
est might have to wait for a period of nine or ten months. 

The Secretary was requested to read from the Minutes of the 
Board of Directors meeting held Jan. 14, 1949, as follows: 

“The Secretary pointed out the necessity for an early 
decision on whether exhibits would continue to be held 
in even-numbered years and in the Spring months. 
Advantages and disadvantages of Spring vs. Fall exhibits 
and even-year vs. odd-year exhibits were presented and, 
following discussion by the Board, a motion was made 
by Director Simpson, seconded by Director Kolb and 
carried, authorizing the next two exhibits to be held 
in May 1950 and in the Fall of 1951. Directors Zang 
and Robb dissenting.” 

President Wallis pointed out that the Minutes as written 
did not properly reflect the discussions of the Board in that 
‘hey did not indicate the intent and belief of the Board that, 
following an exhibit in the Fall of 1951, future exhibits would 
be staged not more frequently than every two years, namely in 


the Fall of 1953, 1955, etc. On motion duly made, seconded and 
carried, the Secretary was instructed to revise the Minutes of 
the January 14, 1949 Board meeting to read as follows: 
“The Secretary pointed out the necessity for an early 
decision on whether exhibits would continue to be held 
in even-numbered years and in the Spring months. Ad- 
vantages and disadvantages of Spring vs. Fall exhibits 
and even-year vs. odd-year exhibits were presented and, 
following discussion by the Beard, a motion was made 
by Director Simpson, seconded by Director Kolb and 
carried, authorizing the next two exhibits to be held in 
May 1950 and in the Fall of 1951, and thereafter every 
two years in accordance with the resolution adopted by 
the Board of Directors of American Foundrymen’s So- 
ciety in July, 1947.” 

In consideration of this revision, Directors Zang and Robb 
desired to be recorded as no longer dissenting from the previous 
Koard action. The Secretary was directed to present the recom- 
mended revision for approval by the Board of Directors. 

President Wallis stated that, in a desire to cooperate fully 
with the exhibitor trade organizations, an official letter should 
be prepared indicating to them the intent of the A.F.S. Board 
to continue the policy of staging exhibits not more frequently 
than every two years. On motion by Director Robb, seconded 
by Director Zang and unanimously carried, the President and 
Vice-President were directed to prepare a letter to the exhibitor 
organizations outlining the action of the Board of Directors 
taken Jan. 14, 1949, embodying therein the reasons for such 
action, and reaffirming the intention of A.F.S., following an ex- 
hibit in the Fall of 1951, to continue the staging of exhibits not 
more frequently than every two years thereafter, in accordance 
with the resolution approved by the A.F.S. Board in July, 1947. 

In order to further plan for the scheduled Convention and 
Exhibit of May 8-12, 1950, the Secretary was instructed to organ- 
ize a 1950 Exhibits Committee for a possible meeting in June, 
after allowing a proper amount of time for receipt of and reply 
to the official letter from the President to the exhibitor organi- 
zations. The Secretary was instructed to place on the agenda of 
the Exhibits Committee meeting a discussion on the selection 
of a Convention and Exhibit city for the Fall of 1951. 

The Secretary strongly urged that definite action be taken at 
the July, 1949 Board meetings to determine the time and place 
of the proposed 1951 Convention and Exhibit, and at the same 
time establishing a schedule for future exhibits which would en- 
able the Secretary to announce the year in which the next Inter- 
national Foundry Congress in this country will be held. 

There being no further business to be considered, the meeting 
was adjourned. 

Respectfully submitted, 


Wma. W. MALONEY, 
Secretary 


Approved: 
W. B. WALLIs, President 





Minutes 
Annual Meeting 1948-49 Board of Directors 
Palmer House, Chicago—July 28, 1949 


Roll Call; President W. B. Wallis, presiding 
Vice-President E. W. Horlebein 
Directors: 
(Terms expire 1949) (Terms expire 1950) (Terms expire 1951) 
B. L. Simpson E. N. Delahunt T. H. Benners, Jr. 
S. C. Wasson W. J. MacNeill N. J. Dunbeck 
F. C. Riecks A. M. Fulton 
J. M. Robb, Jr. Robert Gregg 
V. E. Zang 


Secretary-Treasurcr Wm. W. Maloney 
Technical Director S. C. Massari 


Absent: 
H. A. Deane 
Max Kuniansky 
A. C. Ziebell 


H. G. Lamker (deceased) 
J. E. Kolb (deceased) 
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Officers and Directors-elect (as observers): 
Vice-President-elect W. L. Woody 
T. E. Eagan 
L. C. Farquhar 
V. J. Sedlon 
F. G. Sefing 
L. D. Wright 
A quorum of the Board of Directors having been established, 
the meeting was called to order at 9:42 am. 


READING AND APPROVAI. OF MINUTES 


Minutes of the Board of Directors meeting held in Chicago 
April 8, 1949 were read and on motion duly made, seconded and 
carried, were declared approved. 

Minutes of the Executive Committee meeting held in St. Louis 
May 2, 1949 were read and on motion duly made, seconded and 
carried, were declared approved. Approval of these Minutes 
also covered specific Board approval of proposed revision of the 
Minutes of the Board of Directors meeting held in Chicago Jan- 
uary 14, 1949. 


REPORT OF THE SECRETARY 


The Report of the Secretary was presented covering activities 
of the Society for the fiscal year ended June 30, 1949. On mo- 
tion duly made, seconded and carried, the Secretary’s Report 
was accepted. 

The Secretary also reported that for the period June 15-July 
15, 1949, 81 new members had been accepted into the Society, 
including seven new Company members, and that four of the 
seven new Company members were from firms outside North 
America. 


REPORT OF THE TREASURER 


The Report of the Treasurer was presented covering the 
fiscal year ended June 30, 1949. On motion duly made, seconded 
and carried, the report was accepted. 

The Treasurer then presented and discussed in detail the 
official Auditors’ Report on Society finances for the fiscal year 
ended June 30, 1949 as prepared by Lybrand, Ross Bros. & 
Montgomery, Chicago, auditors approved by the President. On 
motion by Director Simpson, seconded by Director Robb and 
carried, the report of the auditors was accepted. 

The Treasurer presented a statement for the fiscal year 1948- 
19 showing all individual travel and travel expense accounts 
approved and paid by the Society. 

The Treasurer presented a breakdown of Income and Expense 
for the 1949 Convention in St. Louis showing Total Income of 
$10,422.60, and Total Expense of $15,730.66 (including $6,998.66 
as a proportion of the 1949 expense of issuing and distributing 
Convention paper preprints). It was pointed out that with a 
budget of $10,000 for Convention expense, excluding preprints, 
the Society had expended $8,732 on budgeted items. 

The Treasurer stated that advertising revenues in AMERICAN 
FOUNDRYMAN for the July 1949 issue grossed $7,922.08 for 3314 
pages, against $8,417.25 for 3814 pages in July 1948. 

The Treasurer presented a statement of expense for the 
Chapter Officers Conference held June 30-July 1, 1949, showing 
an approximate total expense of $9,700. He pointed out that 
the budget on this item for the fiscal year 1949-50 had been set 
at $10,000. 

The Treasurer also offered, without reading, a report on 
“Four Years of Administration, 1945-46 to 1948-49 Inclusive” and 
asked that the Directors study this report at their early con- 
venience. 


REPORT OF THE TECHNICAL DIRECTOR 


The Technical Director reported on Society technical activi- 
ties for the fiscal year ended June 30, 1949. On motion duly 
made, seconded and carried, the report was accepted. 

The Technical Director also made reference to an extensive 
report of the Technical Correlation Committee for 1948-49 and 
requested closer study thereof. 


REPORT ON NATIONAL CASTINGS COUNCIL 


President-elect Horlebein reported as one of the two A.F.S. 
representatives to the National Castings Council, in view of the 
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inability of President Wallis to attend Council meetings during 
the past year while on extensive Chapter visits. President-elect 
Horlebein discussed briefly the several! meetings held including 
the establishment of regular meetings by Staff personnel of 
Council member bodies. He then presented for Board considera- 
tion a resolution from the meeting of the Council on April 14, 
1949, as follows: 


“RESOLVED that as a test case, the statement of the 
National Foundry Association on the Labor-Manage- 
ment Act of 1947 and proposed H.R. 2032 be presented 
to the individual Boards of Council members for re- 
flection of their desires regarding Council endorsement.” 


The statement of N.F.A. was read, proposing Council endorse- 
ment for the defeat of H.R. 2032, and extensive discussion took 
place. Motion then was made by Director Simpson as a recom- 
mendation to the 1949-50 Board of Directors: 


“THAT representatives of A.F.S. do not have the 
right to participate in any vote or discussion on matters 
considered outside the fundamental objects of the So- 
ciety, and A.F.S. representatives to the National Castings 
Council shall take no part in any action of the Council 
pertaining to such subjects, and shall withdraw from 
or decline to participate in such discussions.” 

Motion seconded by Director MacNeill and carried unanimously. 
The Secretary was instructed to impart this action to the Sec- 
retary of the National Castings Council. 


RECOMMENDATIONS OF PUBLICATIONS COMMITTEE 


H. M. St. John, Chairman of the Publications Committee, 
being invited to attend the meeting, presented certain recom 
mendations concerning A.F.S. publications. 

Actions taken on the report are shown below as recom- 
mendations to the 1949-50 Board of Directors. 


Recommendation No. 1 

“Resolved that, in the opinion of this Committee, 
publications of the type hereinafter referred to as spe- 
cial volumes should be sold to members of the Society 
at a price which will not only cover the cost of their 
production, plus that portion of burden which can 
properly be allocated to them, but will also yield at 
least a small profit which can be used to defray in part 
the cost of other activities of the Society.” 


Chairman St. John pointed out that in the opinion of his 
Committee, a special definition of burden should be made for 
purposes of pricing A.F.S. special publications. Discussion by the 
Board members developing some disagreement on this thought, 
no action was taken on this recommendation, it being remanded 
to the Publications Committee and to the Executive Committee 
lor further and more detailed study. 


Recommendation No. 2 

“Resolved that the publications of the Society, ex- 
clusive of the magazine, AMERICAN FOUNDRYMAN, be 
classified as follows: 

“Class 1. The Transactions of the Society, including 
preprints and reprints of papers published in the 
‘TRANSACTIONS. 

“Class 2. Special volumes covering technical matters 
of general interest to the Society membership. Exam- 
ples: Cast Metals Handbook, Analysis of Casting De- 
fects. 

“Class 3. Special volumes covering technical matters 
of specialized interest to a portion of the Society mem- 
bership. Examples: Cupola Handbook, Malleable Sym- 
posia. 


“Class 4. College and high-school textbooks. 

“Class 5. Special volumes of general historical or cul- 
tural interest to the public as well as to the Foundry 
Industry. Example: Development of the Metal Castings 
Industry.” 

The above recommendation No. 2 was accepted in principle by 
the Board of Directors, without vote, and therefore shall be 
considered a guiding principle in the classification of A.F.S. 
publications for pricing purposes. 
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Recommendation No. 3 

“Resolved that the Committee recommends to the 
Board the pricing of publications in Class 1 as follows: 

“(a) That the publication of paper-bound copies of 
the TRANSACTIONS be discontinued. 

“(b) Cloth-bound copies. 

Pre-publication price to members $6.00 
Post-publication price to members 8.00 
Price to non-members 15.00 
Price to Sustaining Member companies 

and to Honorary Life members, on re- 

quest Gratis. 

“(c) That pre-convention copies of preprints be 
issued to members, one copy each of as many individual 
papers as may be specifically requested, without charge. 

“That convention copies and post-convention copies 
of preprints be sold to members at $0.03 per page cal- 
culated to the nearest $0.05, with a minimum of $0.25 
per copy. 

“That preprints be sold to non-members, at or after 
convention time, at a price approximately 50 per cent 
greater than the member price. 

“(d) That advertising reprints in quantity be sold 
to advertisers at cost plus 10 per cent. 

“That editorial reprints in quantity be sold to other 
commercial purchasers at cost plus 35 per cent. 

“That editorial reprints be sold to educational insti- 
tutions, individuals in such institutions and to govern- 
ment employees (but not to government agencies or 
bureaus) at cost plus ]5 per cent.” 

On motion by Vice-President Horlebein, seconded by Directo: 
MacNeill, and carried, Recommendation No. 3 was accepted. 


Recommendation No. 4 

“Resolved that the Committee recommends to the 
Board the pricing of publications in Class 2 as follows: 

“That special volumes of general interest be sold to 
members of the Society at cost (out-of-pocket expense) 
plus 125 per cent. 

“That such volumes be sold to non-members at cost 
plus 250 per cent. 

“That a discount of 30 per cent from the list (non- 
member) price be granted to dealers, libraries and edu- 
cational institutions.” 

Cn motion by Director Simpson, seconded by Director MacNeill. 
and carried, Recommendation No. 4 was accepted. 


Recommendation No. 5 
“Resolved that the Committee recommends to the 
Board that the pricing formula recommended above for 
Class 2 also be used for Class 3, special volumes of spe- 
cialized interest.” 
On motion by Director Simpson and seconded by Director Dela- 
hunt, and carried, Recommendation No. 5 was accepted. 


Recommendation No. 6 
“Resolved that, with respect to Class 4, college and 
high-school textbooks, the Committee favors publication 
by a commercial publisher specializing in textbooks or 
technical books, provided suitable contractural arrange- 
ments can be made, and the Staff is requested to inves- 
tigate this possibility.” 
Without vote, the Board of Directors requested the Publica- 
tions Committee and the Staff to develop further the possibili- 
ties of outside publication, for early recommendations to the 
1919-50 Board of Directors. 


Recommendation No. 7 

“Resolved that the Committe recommends to the 
Board the publication of seven special volumes, ar- 
ranged in the order of their importance and readiness 
for production, and further recommends that the Board 
appropriate the sum of $23,550 to be used for this 
purpose during the fiscal year 1949-50.” 

It being pointed out that the total of $23,550 recommended 
heing involved in the Budget of Expense for 1949-50, action 
and discussion were deferred to the 1949-50 Board. 

On conclusion of the Publications Committee report, mo- 
tion was made by Director Robb, seconded by Director Riecks 
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and unanimously carried, expressing to Mr. St. Iohn and his 
Committee, the thanks of the Board of Directors for its com- 
prehensive and detailed study of A.F.S. publications and publi- 
cation pricing policies. 


Report oF 1948-49 FINANCE COMMITTEE 


President Wallis as chairman of the Finance Committee, re- 
ported briefly that the Society's finances for the fiscal year ended 
June 30, 1949 showed considerable improvement over previous 
non-exhibit fiscal year 1946-47, and stated that the National 
Office Staff deserves considerable credit for its reduction of 
expenses, 


Report oF 1950 Exuisits COMMITTEE 


President Wallis, as Chairman of the 1950 Exhibits Commit- 
tee, requested reading of recommendations made by the Ex- 
hibits Committee at meeting held in Cleveland, July 15, 1949. 

Extensive discussion followed on the recommendations of the 
Exhibits Committee. On conclusion of discussion, motion was 
made by Vice-President Horlebein, 


THAT the American Foundrymen’s Society reaffirms 
its prior decision to stage a Convention and Exhibit of 
the industry in Cleveland on the dates of May 8-12, 
1950. 


Motion seconded by Director Riecks and unanimously carried. 

The Directors then discussed recommendations of the Ex- 
hibits Committee for continuation of A.F.S. shows in the Spring 
instead of Fall months, and specifically the Exhibits Committee 
recommendation against holding a Convention and Exhibit in 
the Fall of 1951. Following discussion, motion was made by 
Director Robb 


FHAT the American Foundrymen’s Society’s next Con- 
vention and Exhibit, following the 1950 Exhibit and 
Convention, be held in the Spring of 1952. 


Motion seconded by Director Riecks and carried, Director 
Simpson dissenting. 

President Wallis announced a desire to call an immediate 
mecting of the 1950 Exhibits Committee for the purpose of 
reporting to the Committee those actions of the Board of Direc- 
tors pertaining to the Committee resolutions of July 15. (Meet- 
ing scheduled to be held in Chicago on Friday, August 12, 
1949.) 


REPORT OF COMMITTEE ON OFFICE QUARTERS 


Director Simpson reported for the Committee, stating that 
recommendations had been made to the 1949-50 Finance Com- 
mittee in connection with budget-making, that A.F.S. should 
continue in its present quariers for the balance of the present 
lease expiring April 30, 1950, but in the meantime should seek 
out and negotiate for new office quarters at considerably reduced 
rental expenditure. Without vote, the Board of Directors ex- 
pressed approval and referred final decision to the 1959-50 
Board of Directors. 


REPORT ON RETIREMENT PLAN 


Director Simpson, as Chairman of the Retirement Plan 
l'rustees, presented a brief report showing that of four Staff em- 
ployees eligible to participate in the Plan on July 1, 1948, three 
had accepted participation; one employee having resigned dur- 
ing the year, two employees were participating as of June 30, 
1949. He stated that three additional employees became eligible 
on July 1, 1949 and all three had accepted participation. He 
then presented a brief financial statement for the Trust Pre- 
mium covering the fiscal year 1948-49. 


RECOMMENDATIONS OF 1948-49 FINANCE CoMMITTEE 


The Treasurer stated that it had become necessary to cash 
$10,000.00 of Cupola Research Fund securities for the purpose 
of financing current operations of the Cupola Research Project. 
Ihe Finance Committee having previously approved this action, 
motion was made by Director Simpson, seconded by Director 
Delahunt and carried, approving the recommendations of the 
Finance Committee. 
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DIsTRIBUTION OF AWARDS MANUAL 


The Secretary requested discussion on distribution of the 
Awards Manual, stating that specific decision had not been 
previously made. It was pointed out that the Manual specifically 
provides under “Guiding Principles” that ‘‘a copy of this Man- 
ual shall be placed in the hands of each existing member and 
each newly admitted member of the Society.” It- was pointed 
out that this provision entails considerable permanent expense, 
possibly needless because of expected minor use to which the 
Manual may be put by individual members. On motion by 
Vice-President Horlebein, seconded by Director MacNeill, the 
Board recommended to the 1949-50 Board of Directors that dis- 
tribution of the Awards Manual be limited as follows: 

(1) Distribution to members of the Board of Directors. 

(2) Inclusion in the Chapter Manual. 

(3) Distribution to the Chairmen and Vice-Chairmen of the 

Technical Divisions and general interest committees. 
It was understood, of course, that the Manual also would be 
placed in the hands of members of the Board of Awards. 


SAFETY AND HyGIENE ACTIVITIES 


The Technical Director reported briefly on development of 
the Safety and Hygiene Committee authorized by the Board of 
Directors in January, 1949. He pointed out the intention of the 
Committee was to operate for at least the next full year in the 
same manner as any other Technical Committee, in the hopes 
that sufficient information may be developed to warrant further 
consideration of the raising of special funds for a concentrated 
Safety and Hygiene Program thereafter. Discussion on the pos- 
sibility of approaching top foundry management for financial 
assistance at an early date was referred to the 1949-50 Executive 
Committee. 


SELECTION OF 1951 CONVENTION CITY 


Without vote, the selection of the 1951 Convention city was 
referred to the 1949-50 Board of Directors for action. 


* RESOLUTION ON Director H. G. LAMKER 


The President called upon the Secretary to present the fol- 
lowing resolution on the death of National Director Harry G. 
Lamker: 

“WHEREAS Harry G. Lamker was elected a National 
Director df the Society in 1946 as a member of the Met- 
ropolitan Chapter and the first Director exclusively rep- 
resenting the interests of the Aluminum and Magnesium 
Division, and 

“WHEREAS Harry Lamker served the Society well and 
faithfully as a Director and a member, giving of his 
counsel always unselfishly and always in the interests of 
the Society and the Industry it represents, and 
“WHEREAS we, his fellow Board Members, came to 
look upon him with deep affection for his personal 
characteristics, and with sincere respect for his judg- 
ment, and 

“WHEREAS the Aluminum and Magnesium Division, 
the Society, and the Castings Industry can ill afford the 
loss of such men as he whose steadfastness of purpose 
was such as to win high regard from all who knew him 
well; now therefore be it 
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“RESOLVED that the text of this resolution be made a 
permanent record in the minutes of the Society, in his 
memory, and be it further 
“RESOLVED that the Secretary be instructed to ex- 
press, to his family and to his business associates of the 
Wright Aeronautical Corp., this Board of Directors’ 
deepest expressions of sympathy and understanding.” 
THE BOARD OF DIRECTORS 
AMERICAN FOUNDRYMEN’S SOCIETY 
On motion by Vice-President Horlebein, seconded by Directoi 
Delahunt, and unanimously carried, the resolution was adopted 
and the Secretary instructed accordingly. 


RESOLUTION ON Director J. E. Kors 


The President called upon the Secretary to present the fol- 
lowing resolution on the death of National Director J. E. Kolb: 
“WHEREAS Joseph E. Kolb, a charter member of the 
Central Illinois Chapter, was elected a National Direc- 
tor of the American Foundrymen’s Society in 1946 to 
represent the interests of the Patternmaking Division, 
and 
“WHEREAS Joseph Kolb brought to the councils of 
this Board a rare combination of personal skill and ex- 
perience coupled with a broad vision of the value of co- 
operative enterprise, and 
“WHEREAS his conscientious efforts on behalf of the 
Patternmaking Division increased greatly during his 
term as a Director, the prestige and accomplishments 
of the Patternmaking Division and its recognition 
throughout the industry, and 
“WHEREAS in the death of Joseph Kolb this Board of 
Directors feels it has lost a true and valued friend and 
fellow counselor, and an associate whose sense of fair 
play and willingness to help others will long be remem- 
bered; now therefore be it 
“RESOLVED that this resolution be spread upon the 
minutes of the Society in memory of Joseph Kolb, and 
be it further 
“RESOLVED that the Secretary be instructed to ex- 
press, on behalf of this Board of Directors, to his fam- 
ily and to his associates in the Caterpillar Tractor Co., 
our sorrow and sincerest sympathy.” 
THE BOARD OF DIRECTORS 
AMERICAN FOUNDRYMEN’S SOCIETY 
On motion by Vice-President Horlebin, seconded by Directer 
Delahunt, and unanimously carried, the resolution was adopted 
and the Secretary instructed accordingly. 


APPRECIATION 


President Wallis, before relinquishing the gavel, expressed to 
the members of the Board of Directors his sincere appreciation 
for their individual and joint cooperation during the fiscal year 
1948-49, and emphasized at the same time his great pleasure in 
serving the Society through contacting every one of the Chapters 
during the past year. 

There being no further business to be considered, the 1948 
19 Board of Directors, meeting was adjourned at 2:35 P.M. 

Respectfully submitted, 
Wn. W. MALONEY, 
Secretary-Treasurer 
Approved: 
W. B. WALLIs, President 








Sixth Annual Chapter Officers Conference 
June 30 and July 1, 1949—Stevens Hotel, Chicago 


PROGRAM 


Thursday, June 30 
9-00 AM MORNING PROGRAM........Chairman E. W. Horlebein 
Welcome to Chapter Officers. . President W. B. Wallis 
"Round-the-Table Introductions.Chairman Horlebein 
Packaremnd to ADS... ....6ccecsces President Wallis 
Chapter Manual.........Secretary Wm. W. Maloney 
ee eS Ser eee E, A. McFaul 
12:30 Buffet Lunch 
1:30 AFTERNOON PROGRAM 
AMERICAN FOUNDRYMAN..........Editor H. F. Scobie 
| Seeary Horlebein 
Secretary Maloney 
Tech. Dir. S. C. Massari 
Tech. Dir. Massari 


Program Building 


Showing of New Film 
CONFERENCE DINNER 
Presiding—Chairman Horlebein 
Guest Speaker—E. A. McFaul, Midwest Institute, Chi- 
cago 
Subject—“With Your Hat in Your Hand.” 
7:50PM Special Group Meetings 


Friday, July 1 
9:00 AM MORNING PROGRAM............. Chairman Horlebein 
A.F.S. Technical Activities........ Tech. Dir. Massari 
{ Secretary Maloney 

| Promotion Mgr. T. B. Koeller 
Education ...Guest Pane! 
Secondary School Education . G. Sefing 
Training Engineering School Graduates........ ; 
W. J. MacNeill 
A.F.S. Apprentice Contests. . Tech. Asst. Jos. E. Foster 

12:35emM Luncheon 
Educational Talk 


Membership Building. 


x. K. Dreher 
1:45 AFTERNOON PROGRAM 

Conventions and Exhibits 

A.FS. Policy.... 


Convention 


.....+...Secretary Maloney 
ee Mgr. A. A. Hilbron 


Ee GS y wiacceatenesne Chairman Horlebein 


3:30PM Final Adjournment of Conference 


ATTENDANCE 


CONFERENCE CHAIRMAN—A.F.S. President-Elect E. W. Horlebein, 
President, Gibson & Kirk Co., Baltimore, Md. 

NATIONAL PRESIDENT—W. B. Wallis, President, Pittsburgh Lectro- 
melt Furnace Corp., Pittsburgh, Pa. 

NATIONAL VICE-PRESIDENT-ELECT—W. L. Woody, Vice-President 
of Operations, National Malleable & Steel Castings Co., 
Cleveland 

GursT SPEAKERS—F. G. Sefing, Metallurgist, International Nickel 
Co., New York. 

G. K. Dreher, Executive Director, Foundry Educational 
Foundation, Cleveland. 

E. A. McFaul, Midwest Institute, Chicago. 

A.F.S. Director W. J. MacNeill, General Manager, Dayton 
Malleable Iron Co., Dayton, Ohio. 

BIRMINGHAM—Chairman C. P. Caldwell, Caldwell Foundry & 
Machine Co., and Secretary-Treasurer Fred K. Brown, 
Adams, Rowe and Norman, Inc., Birmingham, Ala. 

British CoLUMBIA—Chairman J. A. Dickson, Dickson Foundry 
Co., and Program Chairman L. P. Young, A-1 Steel & Iron 
Foundry Ltd., Vancouver, B. C., Can. 

CANTON District—Chairman Geo. M. Biggert, United Engineer- 
ing & Foundry Co., Canton, Ohio, and Program Chairman 
Thomas W. Harvey, Pitcairn Co., Pittsburgh Valve & Fit- 
ting Div., Barberton, Ohio. 

CENTRAL ILLINoIs—Chairman Chas. W. Bucklar, Jr., Superior 
Foundry Co., E. Peoria, Ill., and Program Chairman W. G. 
Schuller, Caterpillar Tractor Co., Pecria, Ill. 

CENTRAL INDIANA—Chairman S. Franklin Swain, Golden Foundry 
Co., Columbus, Ind., and Program Chairman J. W. Giddens, 
International Harvester Co., Indianapolis, Ind. 

CENTRAL MICHIGAN—Chairman Fitz Coghlin, Jr., Albion Malle- 
able Iron Co., Albion, Mich., and Program Chairman Donald 
Gilchrist, Goss Printing Press Co., Battle Creek, Mich. 

CENTRAL NEW YorK—Chairman J. F. Livingston, Crouse-Hinds 
Co., Syracuse, N. Y., and Program Chairman David Dudgeon, 
Jr., Utica Radiator Corp., Utica, N. Y. 

CENTRAL On1o—Chairman W. L. Deutsch, Columbus Malleable 
Iron Co., Program Chairman J. Gray Lummis, A. P. Green 
Fire Brick Co., and Secretary D. E. Krause, Gray Iron Re- 
search Institute, Columbus, Ohio. 

CHESAPEAKE—Chairman J. B. Mentzer, Wood-Embly Brass Co., 
Waynesboro, Pa., and Program Chairman A. A. Hochrein, 
American Smelting & Refining Co., Baltimore, Md. 


Cuicaco—Chairman W. D. McMillan, International Harvester 
Co., Chicago, Program Chairman A. W. Gregg, Whiting 
Corp., Harvey, Ill., and Secretary-Treasurer G. J. Biddle, 
Illinois Clay Products Co., Chicago. 

CINCINNATI—Chairman W. J. Klayer, Aluminum Industries, Inc., 
Cincinnati, and Program Chairman M. E. Rollman, Cincin- 
nati Milling Machine Co., Cincinnati. 

Derroir—Chairman R. J. Wilcox, Michigan Steel Casting Co., 
and Secretary Julian N. Phelps, Vanadium Corp. of Amer- 
ica, Detroit. 

EASTERN CANADA—Vice-Chairman L. Guilmette, Canadian Found- 
ry Supplies & Equip. Ltd., Montreal, Que., and Secretary 
J. G. Hunt, Dominion Engineering Works Ltd., Lachine, 
Que., Can. 

EASTERN NEW YorK—Chairman Kenneth F. Echard, Eddy Valve 
Co., Waterford, N. Y., and Program Chairman Jasper N. 
Wheeler, Wheeler Bros. Brass Foundry, Troy, N. Y. 

METROPOLITAN—Chairman T. J. Wood, American Brake Shoe 
Co., Mahwah, N. J., and Program Chairman D. S. Yeomans, 
G. F. Pettinos, Inc., E. Orange, N. J. 

Mexico Ciry—Chairman Fernando Gonzalez Vargas, consultant, 
and Program Chairman N. S. Covacevich, Foundry Div., La 
Consolidada S. A., Mexico, D.F., Mexico. 

MicHIANA—Chairman V. S. Spears, American Wheelabrator & 
Equip. Corp., Mishawaka, Ind., and Vice-Chairman Wm. G. 
Ferrell, Auto Specialties Mfg. Co., St. Joseph, Mich. 

Mo-Kan—Chairman J. T. Westwood, Jr., Blue Valley Foundry, 
and Program Chairman Clarence W. Culbertson, M. W. 
Warren Coke Co., Kansas City, Mo. 

NORTHEASTERN OnIO—Chairman Wm. G. Gude, Penton Publish- 
ing Co., and Program Chairman Fred J. Pfarr, Lake City 
Malleable Co., Cleveland. 

NORTHERN CALIFORNIA—Chairman J. L. Francis, Vulcan Steel 
Foundry Co., and Program Chairman John R. Russo, Russo 
Foundry Equip. Co., Oakland, Calif. 

NORTHERN ILLINOIS & SOUTHERN WISCONSIN—Chairman Lester C. 
Fill, Geo. D. Roper Corp., and Program Chairman F. W. 
Thayer, Gunite Foundries Corp., Rockford, Il. 

NORTHWESTERN PA.—Treasurer Fred J. Carlson, Weil-McLain 
Co., and Program Chairman Frank P. Volgstadt, Griswold 
Mfg. Co., Erie, Pa. 

OntTARIO—Chairman J. H. King, Werner G. Smith Ltd., Toronto, 
Ont., and Vice-Chairman M. N. Tallman, A. H. Tailman 
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Bronze Co. Ltd., Hamilton, Ont. 

OreEGoN—Vice-Chairman James T. Brodigan, Columbia Steel 
Casting Co., and Program Chairman J. Goehler, Central 
Brass & Iron Foundry, Portland, Ore. 

PHILADELPHIA—Chairman W. A. Morley, Olney Foundry Div., 
Link-Belt Co., and Program Chairman C. B. Jenni, General 
Steel Castings Corp., Philadelphia. 

Quap Ciry—Secretary-Treasurer C. R. Marthens, Marthens Co., 
and Program Chairman H. A. Rasmussen, General Pattern 
Corp., Moline, Il. 

ROCHESTER—Program Chairman Kenneth R. Proud, Anstice Co., 
Inc., and Secretary Leon C. Kimpal, Rochester Gas & Elec- 
tric Corp., Rochester, N. Y. 

SAGINAW VALLEY—Program Chairman Howard H. Wilder, Eaton 
Mfg. Co., Foundry Div., Vassar, Mich. 

St. Louis District—Chairman Geo. N. Shepherd, Sterling Steel 
Casting Co., E. St. Louis, Ill., and Program Chairman John 
H. Williamson, M. A. Bell Co., St. Louis. 

SOUTHERN CALIFORNIA—Chairman Earle D. Shomaker, Kay-Brun- 
ner Steel Products, Inc., Alhambra, Calif., and Program 
Chairman John E. Wilson, Climax Molybdenum Co., Los 
Angeles, Calif. 

TENNESSEE—Chairman K. L. Landgrebe, Jr., Foundry Div., Whe- 
land Co., and Vice-Chairman P. L. Arnold, U. S. Pipe & 
Foundry Co., Chattanooga, Tenn. 

‘Texas—Chairman Chas. R. McGrail, Texaloy Foundry Co., San 
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Antonio, Texas, and Program Chairman W. H. Lyne, 
Hughes Tool Co., Houston, Texas. 

TIMBERLINE—Vice-Chairman John W. Horner, Jr., Slack-Horner 
Brass Mfg. Co., and Secretary James E. Schmuck, Rotary 
Steel Castings Co., Denver. 

Pri-SraTe—Chairman C. A. McNamara, Jr., Big Four Foundry 
Co., Inc., Tulsa, Okla., and Director F. E. Fogg, Acme 
Foundry & Machine Co., Coffeyville, Kan. 

Twin Ciry—Chairman Franklin A. Austin, Crown Iron Works 
Co., Minneapolis, Program Chairman S$. L. Cameron, Jr., 
Valley Iron Works, Inc., St. Paul, Minn., and Secretary- 
Treasurer Lillian K. Polzin, Manufacturers’ Secretariat, 
Chamber of Commerce, Minneapolis. 

WASHINGTON—Chairman Edward D. Boyle, Puget Sound Naval 
Shipyard, Bremerton, Wash., and Program Chairman J. F. 
Dolansky, Griffin Wheel Co., So. Tacoma, Wash. 

WESTERN MICHIGAN—Chairman C. N. Jacobson, Dake Engine Co., 
Grand Haven, Mich., and Program Chairman S. H. Davis, 
Campbell, Wyant & Cannon Fdry. Co., Muskegon, Mich. 

WEsTERN New YorK—Chairman John R. Wark, Queen City Sand 
& Supply Co., and Program Chairman A. A. Diebold, Atlas 
Steel Castings Co., Buffalo. 

Wisconsin—Chairman R. C. Woodward, Bucyrus-Erie Co., So. 
Milwaukee, Program Chairman J. G. Risney, Risney Foundry 
Equipment Co., Milwaukee, and Secretary Geo. E. Tisdale, 
Zenith Foundry Co., West Allis, Wis. 
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STEEL CASTINGS IN WELDED ASSEMBLIES 


By 


John Howe Hall * 


ABSTRACT 


The author surveys the technical literature on the use of 
steel castings in welded assemblies. Thermit welding is discussed. 
Properties of weld metal and parent metal are also discussed. 
The author profusely illustrates his paper to demonstrate his 
points. 


DURING THE PAST TEN OR TWELVE YEARS, a great 
deal has been heard about inroads that welded assem- 
blies have made in the sale and use of integral steel 
castings. Opinions as to the advisability of adoption 
of welding as a recognized method of producing fin- 
ished aricles have varied from complete endorsement 
to unqualified rejection and condemnation of the 
method. At first, many of those who favored adoption 
of welded assemblies by industry were inclined to urge 
exclusive use of rolled and forged parts. As a result, 
the structures they produced were often composed of 
so many small pieces that much metal was wasted in 
cutting up the raw material, and labor costs for weld- 
ing were unduly high. It was not long, however, be- 
fore it became evident that great economies in both 
material and labor could be secured by use of steel 
castings for the more intricate portion of the assem- 
blies, reserving that of rolled or forged steel for the 
areas of simpler shape. In particular, rolled parts were 
employed for portions of the assemblies which experi- 
ence had shown were prone to be unsound if made as 
castings. 


Reaction to Welded Assemblies 


Reaction of managements of steel foundries to the 
growing popularity of welded assemblies has been as 
varied as are the personalities of those concerned. A 
few of the more progressive organizations have from 
the first adopted the newer methods and have to a con- 
siderable degree converted their shops from plain 
foundries to manufacturing plants using both casting 
and welding in every-day production. In striking con- 
trast to the attitude of managements of these concerns, 
many foundry executives have been loud in their con- 
demnation of the growth of the weld -~ art. Efforts 
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to induce these conservatives to adopt the new ways 
have too often been met with the flat statement that 
they were operating foundries, were not interested in 
new-fangled methods, and in particular had no inten- 
tion of “encouraging the use of welding.” Aside from 
the fact that welding has been getting on well without 
encouragement from these sources, this attitude has 
held back progress in a way that has benefited neither 
the foundries themselves, nor their clients, industry 
at large. 

Numerous technical articles have appeared during 
the past 15 years, setting forth the advantages of pro- 
ducing welded assemblies and describing in detail the 
progress of the art. Your own Society has published 
many of these papers. In this paper, two objects have 
been kept in view; first, to present a summary of these 
contributions, and second, to show a representative set 
of photographs of welded assemblies composed en- 
tirely or in part of steel castings. In calling attention 
to the information that has been put before the indus- 
try in these A.F.S. papers, the author has felt that it 
would be unfair to the authors referred to, to use any 
but their own words. At the risk of seeming to present 
a mere review of published articles, therefore, direct 
quotations are used to a considerable extent in this 
paper. Manufacturers of heavy equipment have con- 
tributed the greater part of this material, and a certain 
amount of it has come from sources other than steel 
foundries. The author, however, presents the data he 
has been able to obtain, with no apologies for the fact 
that he has not been able to give a wider coverage of 
the industry. 

The use of welding to produce assemblies of which 
steel castings form a larger or smaller part followed 
from the development of welding for the repair of 
defects in steel castings. The first crude arc welding 
device was installed in the steel foundry of the Bethle- 
hem Steel Co. in 1905 or 1906. This apparatus took 
current from the crane lines, employed a salt-water 
rheostat to vary the amperage, and a carbon electrode 
to melt down the steel bars used to provide the weld 
metal. The primitive state of the art at that time may 
be inferred from the fact that the operators wore weld- 
ing helmets fashioned from catcher’s masks draped 
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with asbestos cloth, and furnished with eye pieces com- 
posed of several thicknesses of steel melter’s glasses 
as a protection to their eyes. 

In previous years, the methods used to make repairs 
on defective castings were such that in most cases It 
was considered advisable to do the work privately, 
usually at night. Heating the area around a shrink- 
hole in the blacksmith shop and driving white-hot 
steel rods into the opening was one favorite method. 
In some cases thermit powder was poured into the 
hole and there ignited, the slag and hot thermit metal 
remaining in a conglomerate mass, and the outer por- 
tion of the “repair was pounded down while still 
red-hot. More extensive salvaging jobs were some- 
times attempted by what was called “burning-in” of 
steel poured from a small ladle. For this purpose, the 
casting was buried in a sand-heap with the defective 
spot exposed, and channels were arranged to flow hot 
steel from a shallow pouring basin, across the area to 
be repaired, and into a catch-basin beyond. Hot steel 
was allowed to flow over the casting until it was con- 
sidered to be welded on, and the excess metal was 
chipped off when cold, leaving a “plug” more or less 
tightly anchored in the hole. 

Repair Welding 

In the majority of cases the defects so repaired were 
either misrun areas or shrinkage cavities exposed when 
sink-heads of inadequate size were cut off. As we had 
no gas cutting torches in those days and were obliged 
to remove heads either with cold-saws or by means of 
a sledge or “dolly,” many areas that needed feeding 
were not provided with heads at all, or else the heads 
mo:nted on them were necked down to be more read- 
ily broken off, and therefore did not feed the casting 
properly. The “Washburn-type” heads, with short 
necks made in thin cores, which have been so widely 
used in recent years, were first developed in an attempt 
to solve this difficulty, in the “pre-cutting torch” era. 
With the advent of the gas cutting torch, which made 
it possible to cut off thick heads at almost any point 
on a casting, foundrymen largely gave up the Wash- 
burn principle. Credit is due the Steel Founders’ 
Society of America for the leading part they have lately 
taken in reviving the use of necked-down heads, which 
has enabled the foundryman to make great savings in 
burning, chipping and grinding costs, and in some 
cases to obtain sounder castings than could be pro- 
duced with other types of heading. 


Advancements in Welding 


In advancing from the position of being only a 
means of repairing defects in castings to that of a 
major production method, the art of welding was 
greatly assisted by at least two major factors. The 
first and perhaps the most important of these was the 
invention of means of protecting the deposited metal 
from oxidation and contamination, either by the 
use of coatings on the rod, or in special cases by a 
blast of inert gas surrounding the arc. By these means 
it became possible to make weld deposits whose prop- 
erties were equal to those of the steel in castings. 

The second factor of major importance was the use 
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of radiography and magnetic powder inspection to as- 
certain the extent of the defects to be repaired, to 
make sure that all defective material was removed be- 
fore welding was begun, and to check the finished weld 
for cracks, entrained slag and other harmful imperfec- 
tions. Equipped with these methods of non-destructive 
examination, the foundryman could locate and map 
all seriously defective areas and be certain that they 
had been satisfactorily repaired. At the same time, 
examination of welds made to unite two separate parts 
could insure satisfactory and homogeneous deposits of 
weld metal. 

Once assured of the possibility of securing satisfac- 
tory results, the engineer adopted welding not only for 
elimination and repair of defective areas in castings, 
but as a means of making composite articles by com- 
bining several separate parts into one. The adoption 
of such welded assemblies might not have come so 
soon, had not radiographic examination of castings 
demonstrated that in sections of certain sizes and 
shapes, center-line shrinkage and similar internal dis- 
continuities are almost always present, despite the 
foundryman’s efforts to eliminate them. The cheapest 
and most satisfactory method of producing parts in 
which such defects are present if cast integral, was 
soon seen to be to use rolled or forged steel in place 
of the areas in which internal shrinkages occurred, 
and depend upon welding to attach those portions to 
others made as castings. 


Literature Cited 


As already mentioned, the Transactions of A.F.S. 
for the past 15 years contain many valuable papers on 
the subject of making major repair welds in steel cast- 
ings and of producing welded assemblies of which 
castings form a larger or smaller part. Rather exten- 
sive quotations from these contributions will serve to 
summarize the progress of the art during the past 15 
years. The student of the subject will find in several 
of these papers, not only data of great value, but also 
extensive lists of articles published in other places. 

At the Toronto meeting in 1935, the late J. M. 
Sampson, then foundry engineer of the General Elec- 
tric Company, in a paper! on the fabrication of cast 
and rolled steel, presented information on production 
of welded assemblies, which was a surprise to some 
of the more conservative members of the steel foundry 
industry. Mr. Sampson’s opening paragraphs merit 
quotation here substantially in full. He says: 

“Engineers have questioned the practicability of welding 
cast steel to other types of steel. This attitude was due to the 
lack of information on the subject. To supply this needed 
data, the company with which the author is associated, under- 
took an investigation to determine data that would be of .use to 
its engineers in solving the problem and would determine the 
satisfactoriness of various procedures. This paper outlines the 
results obtained.” 

“The fabrication of frames of machinery and apparatus, in 
which cast and rolled steel are combined by arc welding, has 
been, to a slight extent, am accomplished fact for some time. 
Development of the process was retarded by the absence of 
basic data essential to engineering design. While it was be- 
lieved that welds could be made which would develop the full 
strength of the members involved, still doubt existed, and there- 
fore, it became necessary to determine the properties of welded 
joints of cast to cast and cast to rolled steel.” 
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As the result of an extensive series of tests, Mr. 
Sampson concluded: 

“Cast steel may be welded to cast steel or to rolled steel, either 
by arc welding with fluxed electrodes or by flash welding, re- 
gardless of the character of surface preparation, with entirely 
satisfactory resulis. While annealing reduces the tensile strength, 
it increases ductility, and the best results are attained when 
heat treatment is applied after the structure is completely 
welded.” 

The paper includes an illustration of a machine 
part made up of cast steel, structural steel and cold- 
rolled steel, assembled by welding. 

McKinney’s Comments 

In discussing Mr. Sampson’s paper, the late Paul E. 
McKinney, of the Bethlehem Steel Co., stressed the de- 
sirability of combining castings and rolled steel, 
rather than attempting, as some welding engineers then 
did, to build up their entire structure out of many 
pieces of plate, structural steel, bar stock, etc. One 
paragraph of Mr. McKinney's discussion so ably sums 
up the case for the casting-rolled steel assembly that it 
is here quoted in full: 

“I have in mind developments, in the past year or two, on 
many types of gear boxes where for many purposes, it is neces- 
sary to hold weights down. There are some tremendously large 
gear boxes designed and sent out to foundrymen involving quite 
a complicated assembly, each end of the boxes having bearing 
lugs, bosses and other intricate shapes, with the side members 
simple plates. Now, as a cast member, with those side members 
about 14 in. thick, it was almost an impossible proposition to 
produce in the foundry. From a practical engineering stand- 
point, the end members were the portions of the assembly 
that took the service stresses. By combining the production of 
the ends as castings and the side members as wrought plates, 
it was readily possible to put a highly efficient fillet weld in 
the corner and give the foundryman something entirely prac- 
ticable to produce as a flat back. It saved money in the long 
run and resulted in a product that did not have to be turned 
out with any apologies, as in the case of previously produced 
integral castings.” 

“Now, there are many cases where the practical foundryman 
can suggest to his customer, in the case of intricate castings, 
combinations of welding and castings. Likewise, the welding 
engineer can do the same thing in suggesting that a cast mem- 
ber be introduced instead of attempting to build-up trunnions, 
bosses and a lot of odd-shaped pieces attached to a flat plate or 
other wrought members.” 

At the same session, C. M. Underwood and E. J. 
Ash gave examples of repair welding on steel castings 
as carried out at the Naval Gun Factory,” that to the 
writer at least were almost startling. Having mis- 
takenly thought of U. S. Navy engineers as leading 
examples of hard-boiled conservatism, it was refresh- 
ing to learn to what lengths they were willing to go 
in authorizing repairs to important steel castings, 
when the work was carried out under properly con- 
trolled conditions. 

Underwood and Ash emphasized the great improve- 
ment in the average mechanical properties of welds 
that had been brought about by the development of 
coated welding rods. Whereas the old carbon-arc 
process welds had never been really satisfactory, and 
those produced with uncoated metallic electrodes had 
given deposited metal with only 55,000 to 65,000 psi 
tensile strength, 2 to 8 per cent elongation and poor 
fatigue and impact properties, deposits made with 
coated electrodes were giving satisfactory tests. They 
quoted tensile strength figures of 60,000 to 70,000 psi, 
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yield strengths of 45,000 to 55,000 psi, 20 to 30 per 
cent elongation, 60 to 75 ft-lb Izod impact strength, and 
26,000 to 30,000 psi endurance limit, secured from 
test pieces of all-weld-metal,—properties that compared 
favorably with those of cast steel. They mentioned 
also the development of welding rods to produce alloy 
steel deposits, and stressed the necessity of preheating 
low-alloy castings to minimize hardening of the heat- 
affected zone around the weld due to rapid heating 
and cooling of the steel. Deposition of layers of weld 
metal in such a sequence as to reduce the hardening 
effect was also explained, and finally the authors em- 
phasized the desirability of stress-relieving the com- 
pleted jobs by heating to temperatures of 1100 to 1200 
F, and cooling slowly in the furnace. Radiographic 
examination at all stages of the work was mentioned 
as an absolute necessity in securing satisfactory results. 

Following this preliminary discussion of the sub- 
ject, Underwood and Ash gave examples of repairs 
made by welding on various castings, even including 
a case where a portion of the casting was completely 
cut away and a plate of corresponding properties 
welded into the vacant space. These authors con- 
cluded with a re-affirmation of Sampson’s and Mc- 
Kinney’s thesis that in many cases the best structures 
can be produced by combining rolled and cast por- 
tions by welding under properly controlled conditions. 

The next year (1936), T. S. Quinn of the Lebanon 
Steel Castings Co. and the writer collaborated in a 
contribution published in Industry & Welding, em- 
phasizing the points brought out in the two 1935 
papers previously discussed, and giving examples of 
welded assemblies which included cast steel parts. 

At the 1940 A.F.S. convention, Smith and Bolton 
of the Lunkenheimer Co. presented a valuable paper,* 
summarizing the results of an extensive research de- 
scribed in a previous contribution to the Welding 
Journal, vol. 18, no. 11, Nov. 1939, pp. 398S-417S. To 
quote the authors: 

“The paper shows that, under the conditions of the investi- 
gation, cast steels show at least as good, and in many cases 
better, weldability than comparable rolled products. The investi- 
gation definitely explodes the theory, held by some, :that cast 
steel lacks the weldability of the rolled products. With good 
welding practice, sound, high-strength welds could be made with 
any of these cast steels, including those up to say 0.35 per cent 
carbon. It is hoped that this work will help to clarify some of 
the misunderstandings that have arisen and that it will stimulate 
the foundryman, whose steels are to be subjected to a welding 
operation, to more extensive study and greater co-operation with 
the welding engineer. It should suggest to the foundryman that 
his product, intelligently used, is better adapted to welding 
usages than some trade opinions might lead one to believe.” 


Duma and Brinson’s Comments 


At the same meeting, Duma and Brinson, in a 
paper* devoted to a discussion of methods of produc- 
tion of large steel castings, gave several examples of 
structures that were made as several separate castings, 
and combined by welding. They stated: 


“The phenomenal strides that welding technology has been 
making for the past several years have won for it a permanent 
place in nearly all the metal working industries. Conservative 
designers and engineers are acknowledging it to be an invaluable 
tool, not only for minor repairs of surface defects but for the 
construction of metal assemblies. There is now scarcely a single 
steel foundry without a weldery.” 
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“Not infrequently, the foundryman is asked to cast a structure 
whose design defies every attempt to control the direction of 
its solidification. Throttle-valve bodies are an outstanding 
example of such a design. Since the chemistry of the castings 
mentioned herein is one which lends itse!f quite readily to weld- 
ing, the most economical method, and sometimes the only 
method, whereby a sound condition of structure can be obtained 
in these complicated designs, is to dissect them into several 
more simple and elementary sections, cast each individually, and 
then unite them with welding. This is precisely what was done 
to the throttle-valve shown in an accompanying illustration.” 

“It is seen that all the steam inlets were cast separately. The 
front and back plates, seats, brackets, and nipples were cut from 
carbon-molybdenum steel plate. Regarding the body proper, it 
was made solid by means of four parting gates, 130 lb of outside 
padding, and eight bulky risers, covered with head liquidizer 
compcund. Welding was performed in the flat position using 
%4_ and 14-in. diameter electrodes and 300 to 500 F of oxy- 
acetylene preheat. * * * All welded joints were then X-rayed 
for soundness and the entire weldment stress relieved at 1250 F. 
Latest practice has succeeded in making sound throttle valve 
bodies with some of the branches integrally attached to the body. 
Other important castings, which are being cast in sections and 
welded together into composite structures, are certain types of 
turbine casings, and possibly lower turret track ring sections. 
Thermit welding is being contemplated as a method for joining 
the latter.” 

The next year, in discussing the use of models by 
the foundryman® S. W. Brinson described the prac- 
tice followed in making a steam turbine casing to re- 
place one that had given trouble in service. ‘To quote 
the author: 

“This is a very striking example of how possible difficulties 
can be overcome, by rearranging or making castings in several 
parts, so as to more readily obtain controlled directional solidifi- 
cation, and then welding the sections together.” 

In 1942, Mueller, Smith and Oesterle gave a paper® 
before the A.F.S. summarizing results of a research 
carried out in the plant of the Falk Corp. As a result 
of this work, which applied particularly to repair 
welding of defective areas in castings, the authors 
arrived at the following conclusions: 

“No preheat is necessary for the satisfactory welding of plain 
carbon steel castings having a carbon content not exceeding 0.35 
per cent associated with 0.60 per cent manganese. However, 
subsequent stress relief or full anneal is desirable. Preheat is 
essential for the satisfactory welding of manganese-molybdenum 
steel castings having a carbon content of 0.35 to 0.40 per cent 
associated with 1.25 to 1.50 per cent manganese and 0.20 per 
cent molybdenum. However, preheat alone is not sufficient to 
eliminate cracking in the structure adjacent to the weld, but 
welding must be followed immediately by stress relieving to 
assure absence of such defects.” 

“In the welding of castings, due to the high degree of restraint, 
shrinkage stresses are high and extraordinary precautions are 
necessary to avoid brittle martensitic structure (and consequen- 
tial cracks), which can not be removed by subsequent treatment. 
The effect of preheat on the maximum hardness in the heat- 
affected zone is far more effective for the lower temperatures 
than for higher, and decreases with increased temperatures. 
Therefore, little is gained by 600 F preheat over 300 F.” 

Bolton’s Comments 

In his scholarly A.F.S. Foundation lecture’ pre- 
sented before the 1943 meeting in St. Louis, J. W. 
Bolton summarized the situation at that date in the 
following pithy sentences: 

“A few years ago many foundrymen were more than afraid 
of the competition of and from fabrication welding. In some 
quarters a negative and non-constructive attitude was taken. 
Sampson (reference to previously mentioned paper follows here), 
met the issue squarely. C. W. Briggs urged foundrymen to util- 
ize the art of welding, stating that ‘there is an almost unlimited 
field for the application of steel castings as integral parts of 
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composite welded structures.’ Recognizing that some engineers 
regarded aluminum deoxidized cast steels as of dubious weld- 
ability, A. J. Smith and the writer (cited above), presented the 
results of some detailed researches before the Society. Aluminum 
deoxidized steels compare most favorably with wrought steels of 
similar general composition.” 

“The welding of cast to wrought and to cast steels has been 
successful in the central station field, and the number of flange 
and bolted joints has diminished greatly. It is hoped that the 
steel branch of the castings industry will pursue aggressively the 
matter of educating designers to be fully cognizant of the possi- 
bilities of cast steel in welded assemblies.” 


In 1944, Paul Fheld in a paper’ devoted to discuss- 
ing methods of inspection of castings subjected to 
severe operating conditions in marine service, de- 
scribes the means taken to secure satisfactory high 
pressure steam casting. The following is quoted from 
Ffield’s paper: 


“It was necessary to make certain concessions. For instance, 
the steam engineer made a slight sacrifice in the efficiency of 
the valve when the foundryman requested that the valve seat 
be thickened, to insure adequate feeding. The welding division 
of the shipyard agreed to undertake the additional welding 
when it was deemed advisable to leave off certain bosses. After 
this conference, the foundry rushed through a test casting which 
was radiographed at the shipyard. In less than a week, the 
foundry received a release for the second lot of production 
castings. When conditioned at the shipyard, practically no 
repairs were necessary, as shown by the radiographic record of 
the charts.” 


Pomfret’s Comments 


In 1945, R. A. Pomfret, who like Ffield was em- 
ployed in the shipbuilding division of the Bethlehem 
Steel Co., discussed the repair of steel casting defects 
in a paper® presented before this Society. In this con- 
tribution, methods of depositing weld metal when re- 
pairing cavities in heavy rigid sections are outlined. 
The practice described is said to be of great value in 
preventing formation of cracks in the welds. The 
author also gives the methods adopted to produce a 
steam strainer and valve casting which had been found 
difficult to make as a single piece. Pomfret says: 


“The problem of weld location and sequence may be greatly 
simplified when the welds are incorporated into the design by 
sub-sectioning a complicated single-piece casting into two or 
more simpler castings. By the judicious use of welding in this 
way, repair welding can be eliminated to a great extent. How- 
ever, effective application of this method requires closest co- 
operaton between the foundry and the casting design agent.” 

“In the single-piece casting shown in an accompanying figure, 
difficulty was experienced with tears at the corners of the 
square pipe sections joining the center body with the two valve 
bodies on either side, as well as with shrinkage under the 
cast-on brackets. After discussion of these defects with foundry 
personnel, the design of subsequent castings of this type was 
changed to call for three separate body castings, with all brack- 
ets and bosses also cast separately.” 

“The welding of these cast parts was comparatively simple 
and the need for unscheduled major repair welds was entirely 
eliminated.” 

“With regard to heat treatment, it is usual practice to employ 
a fairly generous preheat over the area affected by the weld 
when welding heavy sections. For carbon steel castings, this 
will range from 100 to 300 F, the higher temperature being 
used for the thickest or most rigid sections. Excessive preheat 
for carbon steel should be avoided, since it has been found that 
an interpass temperature of above 600 F may bring about a ten- 
dency toward porosity in the weld.” 

“Carbon-molybdenum steel usually is preheated in the range 
of 300 to 600 F. Heat treatment after completion of repair 
welds usually consists of an over-all stress relief anneal at a 
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temperature of 1150 to 1250 F, although some classification 
societies still require full annealing or normalizing and draw- 
ing.” 

Reference should also be made to a paper’? by 
Jelm and Herres, contributed to this Society in 1946, 
and devoted to a discussion of methods of stress reliev- 
ing steel castings and weldments. These authors state: 

“Analysis of the available stress relief data indicates that at 
the present time (i.e. within accuracy of present test methods) 
the percentage relief of residual stresses, brought about by stress 
relieving in the temperature range of 750 to 1300 F, appears 
independent of steel type, composition, or yield strength. How- 
ever, the higher the original residual stresses the higher will be 
the remanent stress after a given thermal stress relief treatmenc.” 


As mentioned by Bolton, C. W. Briggs, in the Steel 
Castings Handbook, published in 1941 by Steel Found- 
ers’ Society of America, emphasized the importance 
and desirability of welded assemblies in which steel 
castings are included, in the following words: 


“There is an almost unlimited field for the application of steel 
castings as integral parts of composite welded structures. Cast 
steel is not weaker in one direction than in another, as are the 
ordinary rolled or forged steels due to the effect of hot or cold 
working producing aligned structures. Steel castings are there- 
fore especially well qualified for use in built-up welded struc- 
tures. It is just as easy to weld steel castings to steel forgings, 
steel plate, rolled shapes or other steel castings as it is to weld 
plates of similar composition.” 
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Fig. 5 


In his authoritative Metallurgy of Steel Castings, 
published in 1946, C. W. Briggs develops the same 
thesis at greater length, and gives a number of ex- 
amples of welded assemblies in which steel castings are 
incorporated. The subject of welding as applied to 
steel castings is fully discussed in a separate chapter, 
and the use of welded assemblies involving castings 1s 
described as a natural development offering great pos- 
sibilities of economies both to the steel foundryman 
and to the manufacturer of completed structures. 

A valuable addition to our knowledge of the com- 
parative properties of weld-deposited metal, cast steel 
ani rolled steel, is found in a paper™ by E. J. Well- 
auer, Supervisor of Research and Metallurgy of the 
Fiulk Corp., published in 1944. Wellauer presents 
charts summarizing a large number of tests, some of 
which are here presented with his permission. 

In Fig. 1, tensile strength and yield point figures 
for a number of carbon and alloy rolled and forged 
steels are plotted against Brinell hardness. These test 
pieces were machined from specimens taken with a 
core drill. It will be noted that the figures for tensile 
strength follow quite closely the line representing 500 
times Brinell hardness number, while there is some- 
what more scatter in the figures for yield point. 

In Fig. 2 are plotted similar data for tests made on 
bars cut from 114-in. by 114-in. steel coupons, cast at- 
tached to castings, and for tests of all-weld-metal 
specimens. The latter include figures for carbon steel 
weld deposits, both as-welded and stress-relieved, for 
low alloy deposits stress relieved 2ind for high alloy 
metal, heat treated. The tensile strengths of the cast 
steels and of the weld deposited metal lie along the 
line representing 500 times Brinell hardness, and as in 
the case of the rolled and forged steels, there is con- 
siderable scatter in the yield point figures 

Parenthetically, Wellauer recently puutished data 
tending to show that the scatter in yield point figures 
is due to variations in response of the different steels 
to heat treatment, particularly in the percentage of 
martensite formed on quenching. However, in this 


CHARLES EpGAR Hoyt ANNUAL LECTURE 


respect both rolled or forged steels and cast steels be- 
have in the same manner. 

Figure 3 shows elongation and reduction of area, 
plotted against Brinell hardness, for the rolled and 
forged steels, and Fig. 4 the same data for the cast steel 
coupons and the weld metal tests. It is readily appar- 
ent that there is no marked difference between the 
relative properties of the weld deposited metal, the 
cast steel and the rolled or forged steel. In Wellauer’s 
paper, similar plots for Izod tests are included. 

Since the Brinell hardness depends upon the com- 
position of the steel, it follows that if the weld deposit 
and the parent metal are of closely similar composi- 
tions, their properties will be as nearly as possible 
identical. In metallic arc welding, however, the change 
in composition of the deposited metal, especially in 
carbon content, as it passes through the arc, is con- 
siderable, and varies somewhat as the welding proce- 
dure is changed. Thus one operator may produce 
deposits higher or lower in carbon than those made 
by another welder using the same rod. This is espe- 
cially true if medium high carbon deposits are being 
made. For the most part, therefore, weld rods are used 
that give deposits quite low in carbon, since the 
variations in composition become less marked as the 
carbon content is lowered. To a certain extent the 
same is true of the oxidizable alloys such as man- 
ganese. 

As a rule, then, as Wellauer points out in his paper, 
when any but plain low carbon steels are being 
welded, the hardenability of the weld deposited metal, 
and therefore its tensile strength and yield point after 
a given heat treatment, will be lower than those of 
the cast or rolled steel on which it is deposited. This 
is especially true of the low alloy steels. Wellauer gives 
the following figures for a weld made in a manganese- 
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nolybdenum alloy cast steel, using a carbon-molybde- 
num rod, after normalizing and tempering at 1200 F. 
Property Casting Weld Transverse 
Fensile Strength, psi 95,000 73,000 74,500 
Yield Point, psi 66,150 53,950 53,150 
Similar results were obtained from a test weld made 
in a low alloy cast steel test block at the plant of the 
Bethlehem Steel Co.!? As shown in Fig. 5, this block 
was a 13-in. cube, and a weld 6 in. in diameter at the 
top and 614 in. deep, was made in it, by an operator 
qualified to weld Navy work of the same analysis. 
After stress relieving for 10 hr at 1100 F, the block 
was sawed into slices and tests cut from the central 
portion, located as shown in Fig. 6. The composi- 
tion of the test block and that of the deposited metal 
were as follows: 
Item C Mn P S Si Ni Cr Mo V 
Block 0.34 1.38 0.026 0.030 0.31 049 043 0.12 — 
Weld Metal 0.07 0.27 0.020 0.019 0.15 0.04 0.02 0.50 nil 
The block was heat treated before welding by hold- 
ing for 30 hr at 1750 F,—“‘lift covers to cool to cold,” 
tempered 12 hr at 1200 F, and cooled in the furnace. 
The mechanical properties of a test taken from a 
gated type coupon attached to the block, from the 
block itself and from test pieces located as shown in 
Fig. 6, were as follows: 
Elongation Reduction 
in 2 in., of area, 
psi psi per cent per cent 
Gated test 94,500 52,500 20 38.8 
Test PM 86,500 46,000 15 17.0 
Test AW 61,500 50,000 31 58.6 
Test FL 66,500 47,000 5 47.7 
Test FL2 65,000 50,500 5.2 64.2 
Though the yield point of the deposited metal is 
practically the same as that of the parent metal, the 
tensile strength is lower. Were the entire piece to be 
completely re-heat treated, too, it is probable that 
the difference between the properties of weld metal 
and of parent metal would be more pronounced. 


Tensile Yield 
Item Strength, Point, 
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Fig. 9 


On the section marked RBS in Fig. 6, a series of 
Rockweil hardness readings was taken, with results 
shown in Fig. 7. It will be noted that the hardness of 
the weld metal near the edge of the weld is almost 
the same as that of the block itself. This of course is 
due to the mingling of weld metal and parent metal at 
their junction. In Fig. 8 is shown a cross section of the 
slab marked B in Fig. 5, after etching in 1:1 HCI acid 
for 20 min, from which it will be readily apparent 
that the operator did an excellent job of welding. 

On plain carbon steel, especially low carbon mate- 
rial, the difference between the properties of the weld 
metal and those of the parent metal is usually much 
less marked. This is illustrated by the following two 
examples of welds made in medium and in low-carbon 
cast steel test pieces. The writer is indebted to the 
Bethlehem Steel Co. for the first of these, a test car- 
ried out on samples of carbon cast steel made to meet 
ASTM specification A 27-44, Grade B-2, which called 
for 70,000 psi tensile strength, 35,000 psi yield point, 
20 per cent elongation and 30 per cent reduction in 
area. The test piece was given an anneal at 1650 F 
before welding, and after welding was stress relieved 
at 1150 F. The welds were made in such a way that 
(Fig. 9) in two cases the weld metal made up part of 
the cross-section of the test bar, and in one it formed 
the complete cross-section. These tests gave the follow- 
ing results, which fully meet ASTM requirements for 
the parent metal: 


Tensile Yield Reduction Where broke 
Sample Strength, Point, Elongation, of area, 
psi psi percent percent 

74,500 45,000 21.5 33.5 

73,500 44,500 23.0 33.5 

71,500 49,500 25.5 71.0 


Outside weld 
Inside weld 


The second example was furnished by the General 
Steel’ Castings Corp., and shows that the properties 
they are able to secure on all-weld metal samples, when 
welding their soft (A) steel compare very well with 
those of the parent metal. These tests were made on 
bars cut out of welds made on a standard cast steel 
test block, poured from A steel averaging 0.17 to 0:21 
per cent carbon. The ASTM requirements for un- 
annealed U60-30 steel, which corresponds to the Gen- 
eral Steel Castings Corp. A steel, are as follows: Ten- 
sile Strength, 60,000 psi; Yield Point, 30,000 psi; Elon- 
gation, 22 per cent, Reduction of Area, 30 per cent. 
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All-weld metal test pieces gave the following results, 
which as might be expected, easily met ASTM re- 
quirements for the parent metal: 


Exten- Reduc- 
Condition Tensile Yield sion, tion 
Strength, Point, percent of area, 
psi psi in2in. percent 
As welded 68,500 54,500 25.5 37.9 
wa si 67,500 52,000 27.0 41.6 
a ar ag | 66,500 19,500 $1.0 57.8 


When cast steels of somewhat higher carbon content 
are welded, the mechanical properties of the deposited 
metal will not always be as high as those of the parent 
metal. In many cases this is not of much consequence, 
as the strength of the welds, as a whole, is generally 
high enough to resist the stresses to which the struc- 
ture is to be subjected in service. When closer corre- 
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Fig. 13 


spondence between the mechanical properties of the 
weld deposit and those of the parent metal is consid- 
ered necessary, it is now possible to fulfill these condi- 
tions with a high degree of accuracy. As shown by La- 
Grelius and Wozny,'* welding rods have now been 
developed and put on the market, with which welds 
can be made whose mechanical properties are equal 
to those of the cast steel against which the weld metal 
is deposited. These rods lay down a deposit lower in 
carbon than the steel on which the weld is being made, 
but containing enough nickel, chrome or molybdenum 
to bring the strength of the weld metal up to that of 
the parent metal. As neither nickel nor molybdenum 
are oxidizable, there is but little loss of these elements 
in passing through the arc, and to a certain extent the 
same is true of chromium. Other rods have been pro- 
duced in which the strength of the deposited metai is 
“boosted” by an increase of the manganese content or 
of other elements that increase the hardenability. Be- 
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Fig... 15 


cause of their resistance to oxidation, however, nickel, 
molybdenum and chromium would seem to be best 
for this purpose. 

LaGrelius and Wozny further point out that by 
the use of what are now known as low-hydrogen con- 
tent rods, welds are produced that meet the most 
exacting requirements for soundness as revealed by 
radiographic examination. They also show that in 
single-pass welds the heat-affected zone around the 
weld has a coarse microstructure, and that this coarse 
structure is not always refined by simple stress reliev- 
ing. Heating above the critical temperature range, 
however, results in nearly complete grain refining. In 


multi-pass welds, these authors point out, the heat of 


successively deposited layers of weld metal refines the 
microstructure of the affected zone around the metal 
first deposited, so that only near the top of multi-pass 
welds does the heat-affected zone have a markedly 
coarse microstructure. Normalizing, according to 
their tests, not only refines the microstructure of the 
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heat-affected zone, but produces uniform hardness 
across the weld, the heat-affected zone and the parent 
metal. 

As stated in the first portion of this paper, the 
author does not wish to treat extensively the technical 
aspects of welding. The foregoing brief and incom- 
plete summary of some recent information about the 
mechanical properties of welds is given simply to indi- 
cate that the science of welding has now reached a 
point where the art of the welder and the technical 
knowledge of the metallurgist must be combined, if 
satisfactory results are to be attained. When highly 
trained welders work in cooperation with metallurgi- 
cal experts, welds are now produced that are as strong 
as the steel upon which they are made. 





Fig. 19 


There are two obvious conclusions to be drawn from 
the foregoing statement. In the first place, repair 
welding of defects in steel castings, when carried out 
by skillful operators under expert supervision, can 
produce a finished casting in no way inferior to one 
that required no repairs. Secondly, if the design of 
the casting to be made is such that in certain places 
defects requiring repair welding can not be prevented 
even by the best foundry practice, common sense dic- 
tates that the piece should be divided into several 
separate parts and combined into one by welding. To 
carry out the job in this manner is usually cheaper 
than to first locate the defects in an integral piece, 
then burn or chip them out, and finally weld them. 
There is nothing new or startling about this: Samp- 
son and McKinney advocated this idea in 1935, and 
since then many competent engineers and metallur- 
gists have confirmed the accuracy of their conclusions 
and put them into practice. The more progressive 
foundries now follow such procedure, and it only re- 
mains for the industry as a whole to follow their 
example. 


Use of Thermit Welding Process 


When heavy sections are to be joined together, it is 
often advantageous to use the thermit welding process. 
By suitably compounding the thermit powder, steel 
of any desired analysis can be produced at will, so 
that the weld deposit can be made of the exact com- 
position of the metal being welded. In this process, 
therefore, it is not necessary to “doctor” the composi- 
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tion of the weld metal with extra amounts of alloys to 
compensate for a deficiency in carbon content. The 
temperature of the thermit-produced metal is so high 
that there is a zone around the weld which has been 
sufficiently overheated to give it a coarse microstruc- 
ture. When absolute uniformity of weld metal and 
base metal is considered essential, therefore, complete 
heat treatment of the welded structure is necessary. 
Frequently, of course, this is not required, and a 
simple stress relieving treatment is all that need be 
used. In this respect, as LaGrelius and Wozny show 
in their paper, metallic arc welds differ from thermit 
welds only in degree, not in kind. 


Typical Examples of Welded Assemblies 

Illustrations of typical examples of welded assem- 
blies composed partly or wholly of steel castings fol- 
low. An effort has been made to select structures that 
illustrate the type of work previously referred to. 
These are grouped into classes, so that similar jobs as 
made by different fabricators are shown together. In 
many cases, the illustrations selected are of similar, 
though not identical, assemblies. A number of such 
examples have been included, to point out that this 
type of construction is today being used on a wide 
scale. 

Figure 10 is a large gear case as produced by the 
Falk Co., made up of cast sections which form the 
more intricate portions, and plate steel connecting 
members. 

Figure 11 shows welding a similar piece made by 
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ie Falk Co. This is a 500 hp reel drive frame for a 

eel mill. One of the stiffeners used to keep the parts 
in proper alignment, which are removed after the 
velding is complete, is shown, just over the welder’s 
head. 

Figure 12 shows another similar job produced by 
the Falk Co., in which the V-grooves for welding to- 
vether the top plates are readily seen. 

Figure 13 is a gear case made by the Falk Co., for 
right angle triple reduction gear, in which castings are 
used for the bearings and sections of complicated 
shape, and rolled plate for the light members that tie 


the whole job together. 

Figure 14 is another assembly of steel castings and 
rolled plate, made by the Falk Co. The author is 
indebted to Metal & Thermit Co., as well as the Falk 
Co., for Fig. 10, 13 and 14. 

Figure 15, a job made by Lukenweld Division of 
Lukens Steel Co., is the pedestal for turning gear 
motor of a propulsion unit. This piece is 6 ft, 714 
in. long, 3 ft, 334 in. wide by 3 ft, 3%, in. high and 
weighs approximately 3,340 lb. The bearings and more 
complicated portions are steel castings, the balance 
plate and rolled material. 

Figure 16, another Lukenweld fabrication, is an 
intermediate gear case for the propulsion unit on a 
freight steamer. The castings used in the assembly are 
easily distinguished. This piece is 13 ft, 414 in. long, 
8 ft, 7/4 in. wide and 3 ft, 75% in. high, weighing about 
20,300 Ib. 

Figure 17, another job furnished by Lukenweld, is 
the lower half of a turbine wheel case for a cargo ves- 
sel. This piece, weighing approximately 8,000 lb, is 
made up of flame cut and formed plate, steel castings 
and bar stock. 

Figure 18, also a Lukenweld production, is an 
upper gear case made up of six cast steel bearing sup- 
ports, and flame cut formed plates. It weighs about 
11,300 lb, and measures 8 ft, 11 in. long, 7 ft, 374 in. 
wide and 5 ft, 5 in. high. 
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Fig. 30 


Fig. 31 

In Fig. 19 is shown a cylinder liner for a diesel 
engine, fabricated by Lukenweld. The ends are of 
cast steel, connected by a middle section of rolled 
steel plate formed on bending rolls. It weighs about 
2,300 Ib, is 1 ft, 674 in. in outside diameter, by | ft, 
934, in. high, and the wall thickness is 54¢ in. 

Figures 20 and 21 show a welded drum assembly 
produced by Bethlehem Steel Co., in which cast steel 
and flanges are welded to a central drum of rather 
light section metal. Figure 20 shows the job after 
welding, and Fig. 21 is of the finish machined piece. 


A press frame made by Bethlehem Steel Co. is 
shown in Fig. 22. In this assembly, steel castings and 
heavy plate sections are combined. 


Figure 23 is a part for a dredge, made by Bethlehem 
Stee] Co., combining plate and steel castings. 

The turn table center, made by Bethlehem Steel 
Co., shown in Fig. 24, combining steel castings and 
steel plate, is another example of this type of construc- 
tion. 

Most of the parts shown in Fig. 10 to 24 illustrate 
the type of piece referred to by McKinney in his dis- 
cussion of Sampson’s 1935 paper, which “saved money 
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in the long run, and resulted in a product that did 
not have to be turned out with any apology.” 

Figures 25 and 26 show a crane drum made by 
Bethlehem Stecl Co. In Fig. 25 are shown the V-slots 
ready for welding. Figure 26 is the piece after weld- 
ing. In this case welding was resorted to, not because 
sections were too light to be satisfactory as castings, 
but to meet problems of production in the foundry. 

A heavy cover for welding the cut end of a pressure 
vessel, is shown in Fig. 27, and a similar cover weigh- 
ing over 30,000 Ib in Fig. 28, both for parts fabricated 
by the Falk Corp. 

A reduction drive case for a rolling mill is shown in 
Fig. 29. This job, made by Farrel-Birmingham Co., is 
composed of steel castings and rolled plate, and the 
lines of several of the welds can be seen in the illus- 
tration. 

Figures 30 and 31 show a 20-in. by 50-in. pinion 
stand, produced by Farrel-Birmingham Co., in which 
two cast steel pieces of rather heavy section are cdn- 
nected -by cross members of 114-in. rolled plate. The 
foundation bolt pieces on the plate section, as well as 
the bearing caps, are also steel castings. The method 
of construction of this piece is well illustrated. 

In Fig. 32 is shown the scraper yoke hub for a 





Fig. 36 


scraper manufactured by the Wooldridge Mfg. Co. 
This illustration is taken from a paper by Earl Griffith 
of that company, published in the Welding Journal, 
August, 1947. The author is indebted to Union Car- 
bide and Carbon Co. for the photograph. The cast 
steel hub piece, with rolled steel plate “ears” welded 
to it, is clearly shown, as well as the method of attach- 
ing the hub to the structural steel arm. 

Figures 33 and 34, also furnished by Union Carbide 
and Carbon Co., show the operation of welding a 
dome into a locomotive boiler at the American Loco- 
motive Co. plant. Figure 33 shows the welding on the 
outside of the boiler, while Fig. 34 illustrates the 
welding of the other part of the double-V weld, inside 
the boiler. The apparatus is that used in the Union- 
melt method. 

Figures 35 and 36 show another Union-melt job, the 
latter being a view of the completed piece. As will be 
noted in Fig. 36, the face of this roll is 1614 in. wide 
and 5 in. thick, the hub is 8 in. thick and 29 in. in 
diameter, and the plate being welded in is: 214 in. 
thick. 

Figure 37, furnished by Metal & Thermit Corp., 
shows the operation of welding cast steel branches 
into the drum of a diesel engine exhaust manifold. 
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Figures 38 and 39 are two views of a high pressure 
turbine casing made by Bethlehem Steel Co. As shown 
in the illustrations, this job was made as several sepa 
rate main castings, and welded together. The three 
small bosses at the front in Fig. 38 were also welded 
on. 

Figure 40, furnished through the courtesy of Lt 
Com. William Seith, assistant shop superintendent of 
the Norfolk Naval Shipyard, shows the assembly of a 
low pressure steam turbine base. The retainers fon 
the stationary blades and the two bearing pieces are 
of cast steel, the rest of the parts are of rolled material 

Figure 41, furnished by Metal & Thermit Corp.., 
shows two low-alloy steel valves welded to low-alloy 
steel piping. 

Figures 42, 43 and 44 were furnished through the 
courtesy of R. S. Hitchcock of the office of the Super 
visor of Shipbuilding U.S.N., Quincy, Mass., and are 
photographs kindly supplied by the Bethlehem Steel 
Co. Figure 42 is a throttle valve and strainer body, 


Fig. 37 
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r, 43, a main steam throttle valve and strainer, and 
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Vig. 44, a manifold. All three of these units were built 

» from a number of separate castings, in order to 
avoid the troubles incident to securing properly sound 
castings when such complicated pieces are cast as 
single units. 

The assemblies shown in the foregoing illustrations 
are examples of the use of structural steel and castings, 
the latter making up the more complicated parts, the 
former the thinner areas that lend themselves to the 
use of steel plate or structural material. A few exam- 
ples are also given of parts that are difficult to produce 
as sound, integral castings, and were therefore made 
as two or more cast pieces and welded together. A 
somewhat different reason makes it desirable to take 
advantage of thermit welding for the production of 
such castings as the heavy stern frames shown in the 
next few illustrations. As is well known, the number 
of steel foundries that are equipped to produce these 
large parts of ships’ structures is rather limited, and in 
addition, difficulties of railroad transportation have 
made it necessary in the past to produce some of the 
largest castings in shops located close to deep water. 
When large numbers of these big pieces are needed in 
a short time, these conditions result in prohibitive 
delays in the construction of ships. To cast the frames 
in sections, and assemble them by thermit welding at 
the ship yard, or in shops located on tide water, makes 
it possible to obtain the pieces from foundries that 


& 
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Fig. 40 


Fig. 42 


could not make them as integral jobs, and thus greatly 
speeds up production. 

Figures 45 to 50 show the steps in the welding to- 
gether of a stern frame made up of four separate sec- 
tions, and Fig. 50 is the completed frame. In Fig. 45 
the frame is shown set up, with the wax pattern for 
one weld nearly completed. Figure 46 shows the pieces 
tack-welded across one of the joints in order to main- 
tain proper spacing. Figure 47 shows a nearly com- 
pleted mold rammed around one of the wax patterns, 
Fig. 48 the operation of drying out and heating up 
the mold with torches, Fig. 49 the pouring of one weld, 
and Fig. 50 the finished stern frame, welded in four 
places. The location of the welds is clearly shown in 
Fig. 50. 

Figure 51, furnished through the courtesy of the 
Bethlehem Steel Co., is a view of a completed thermit 
weld in a large stern frame, with the pouring gate and 
risers still in position. 

Figure 52, from the same source as Fig. 42, 43 and 
44, shows a thermit welded stern frame being put in 
position on a ship. 

Figure 53, furnished by the Metal & Thermit Corp., 





Fig. 44 


is a view of thermit welding a lower turret ring made 
in six sections, and too large to be conveniently made 
as a single piece. The illustration shows two of the 
molds being heated, and four of the completed welds 
with the ingates still in place. 

A somewhat different reason influenced Bethlehem 
Steel Co. and others to make propeller struts for ships 
in several parts and assemble them by metallic arc 
welding. As most foundrymen know, when these cast- 
ings are made integral, they are cast with the arms 


CHARLES EpGarR Hoyt ANNUAL LECTURE 


extending in a horizontal direction, and the hub vi r- 
tical. A large sink-head is placed upon the hub, ai d 
one on each of the palms at the ends of the arms. ‘n 
addition, the hub is padded heavily on the inside, and 
to some extent on the outside also, in order to secure 
controlled directional solidification. As a result, the 
entire inside of the barrel has to be machined to 
shape, at considerable cost. 

Figure 54, furnished by the Bethlehem Steel Co., 
shows the two parts of a strut before assembly by 
welding, and Fig. 55 from the same source shows the 
assembled strut. When made in this way, the two por- 
tions of the strut are cast in a horizontal position and 
as shown in the illustrations, the inside of the barrel 
is cast closely to shape, which results in a great saving 
in machining costs. 

Figure 56, also furnished by the Bethlehem Steel 
Co., shows another method of producing welded struts, 
in which the barrel is cast as one piece, and each arm 
as a separate casting. In this method also, the inside 
of the barrel is cast to the desired outline. 
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Lt. Comdr. Seith of the Norfolk Naval Shipyard 
<indly furnished Fig. 57, which shows a strut consist- 
ng of a barrel made from medium-steel rolled plate, 
with forged carbon steel rings welded on each end, 
ind cast steel arms attached by welding, in the same 
manner as the arms in Fig. 56. 

Figures 58 and 59, furnished by the Bethlehem Steel 
Co. show the two parts of a rudder Casting, before and 
ifter being welded together. Figure 60, obtained from 
the Quincy yard, shows the same casting, after assem- 
bling it with the rolled steel plate and other parts 
that form the completed rudder. 

Figures 61 and 62 show the job of repairing a de- 
fective area in a rudder support casting by cutting out 
the defective portion and welding a suitably shaped 
piece of plate in its place. This method of repair was 
approved by the inspection agency and was permitted 
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Fig. 55 


by the specifications. 

Lt. Comdr. Seith also furnished Fig. 63 and 64, 
which show the upper and lower ends of a composite 
hawse pipe. The top and bottom sections are of cast 
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Fig. 62 


steel, welded to an intermediate portion of wrought 
steel pipe. Figure 63 shows the part above the main 
deck of the ship, and Fig. 64 the exit end as viewed 
from within the vessel. Having been familiar with the 
amount of burning out of defective material and 
welding the gaps, when similar castings were made in 
one piece with integral portions forming parts of the 
deck and of the ship’s outer plating, the author is 
moved to enthusiastic endorsement of this method of 
production. 

From the Quincy yard, Fig. 65 was obtained to show 
the placing of a compound weldment making up the 
stern portion of a ship’s framing. 

Though not strictly applicable to our subject, since 
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Fig. 63 
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no steel castings are involved in the assembly, Fig. 66 
and 67 are shown to illustrate the fact that the fabri- 
cation of ship parts can readily be carried out without 
using any steel castings whatever. Those who incline 
to hold back for fear of encouraging welding may 
learn a lesson from these views, which might be 
summed up in the words “Furnish steel castings for use 
in welded assemblies, or else.” These illustrations 
were furnished through the kindness of Capt. L. D. 
Whitgrove, U.S.N., by direction of the Commander of 
the New York Naval Shipyard, and show stern post 
weldments of a ship. Capt. Whitgrove writes “There 
are no photographic records of weldments made up 
of steel castings, although such work has been per- 
formed at this shipyard.” 

The General Steel] Castings Corp. kindly furnished 
Fig. 68 to 71 which show the separate parts and the 


Fig. 73 


finished assembly of a cab underframe for a 2000 hp 
diesel electric locomotive unit, built by the Baldwin 
Locomotive Co. Three of these units in tandem make 
up a 6000-hp engine. 

Considerations of weight, section and size made it 
next to impossible to produce this piece as a single 
casting. It was decided, therefore, to divide it into 
two center section castings shown in Fig. 68, and two 
end sections illustrated in Fig. 69. ‘The center sections 
as cast were 19 ft, 8 in. long, the end pieces 19 ft, 1114 
in. Before welding the pieces together, their ends were 
trimmed with the cutting torch into an S-shape, so 
that that weld consisted of two vertical portions, offset 
from each other, and connected by a horizontal por- 
tion lying along the neutral axis of the section. The 
S-shaped welds each required | ft of length, so that the 
finished assembly measured 76 ft, 114 in. overall. The 
vertical webs of the Z-shaped side sections were 54 in. 
thick, the top and bottom flanges 34 in. thick. 

As shown in Fig. 70, a center section and an end sec- 
tion were first joined by welding, and this portion was 
then welded to a similar pair of castings to form the 
completed assembly shown in Fig. 70 and 71. 





Fig. 74 


Some 36 of these frames were produced. In addi- 
tion, General Steel Castings Corp. has furnished end 
castings for a number of similar frames, the center 
portion of which were made as welded assemblies of 
structural steel. The choice between the two methods 
of construction would generally be dictated by the 
relative costs of the two methods, which in turn de- 
pends to a large extent upon the number of pieces to 
be produced on the order. 

The writer is indebted to Gosta Vennerholm of the 
Ford Motor Co., for Fig. 72 to 75. Of these, Fig. 72 
shows a welded rear axle assembly that was used for 
15 years in the manufacture of Ford passenger cars. 
This piece was made of a section of tubing welded to 
a forged flange and to a cast steel hub and spring 
perch. This casting was made of 0.40 carbon steel, and 
prior to being assembled in the job was finish ma- 
chined and induction hardened on the outer hub di- 
ameter to a hardness of 58 Rockwell C. The extra 
hardness was required because this diameter formed 
the inner bearing diameter. 

Figure 73 shows a rear axle assembly for a 9-ton 
armored car in which two steel castings, one made 
centrifugally and one in the ordinary manner, are 
welded to each other and also to a piece of seamless 
tubing. 

Figure 74 is of particular interest because this piece 
was originally a fabricated assembly made of 12 parts, 
including stampings, forgings and a piece of seamless 
tubing, all welded together. In the illustration, the 
piece, a 75-mm gun mount recoil mechanism, is shown 
as made by the revised method. Three castings and a 
short section of seamless tubing, as shown on the left 
in the illustration, were joined by welding, the finished 
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assembly being shown on the right. 

Figure 75 shows the operation of welding a tank 
hull assembly. This is composed of rolled plate sec- 
tions and of castings, all heat treated to meet ballistic 
requirements, and joined by welding. As is now well 
known, many hulls of similar design were made as 
integral castings and heat treated to meet ballistic 
requirements, and on many of the welded jobs cast- 
ings of considerable size and weight were used to form 
the more complicated portions of the hull, which 
were difficult to make out of rolled sections. 

It would be possible to show hundreds of other ex- 
amples of assemblies such as those described in the 
foregoing pages. It is hoped that enough have been 
presented to show that there is no longer any question 
of “not wanting to encourage welding,” or of ‘“‘confin- 
ing ourselves to what can be made in a foundry.” 
Welding surely need not depend upon encouragement 
from the foundries, and to talk of “getting back the 
business that has drifted away from us” is as futile as 
the gesture of King Canute when he bade the tide 
turn back. In the long run, purchasers will always 
turn to the finished article that offers the maximum 
of serviceability at the minimum cost. There is no 
doubt that welded assemblies made of separate steel 
castings or of steel castings and rolled or forged mate- 
rial often meet such a specification. In order to sur- 
vive in the next few decades, therefore, foundries must 
stop trying to be just foundries and nothing else, and 
become manufacturers of parts for structures and 
machines. 
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PROPERTIES OF CAST IRON IN RELATION 
TO THE CARBON EQUIVALENT VALUE 


By 
H. T. Angus, F. Dunn and D. Marles * 


ABSTRACT 


The first part of this paper describes briefly the previous at- . 


tempts to find a relationship between the analysis of cast iron 
and its mechanical properties. The reasons for using the carbon 
equivalent value (C.E. = Total Carbon + Silicon + Phosphorus) 
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as a basic standard are given and the relationship between the 
tensile strength, transverse strength and C.E. value for 673 com- 
mercially produced test bars of sizes 0.6 in. to 2.1 in. in diameter 
shows that the correlation is sufficiently good to be of value for 
unalloyed and uninoculated irons. 

In the second part of the paper a diagram is produced showing 
that the structure of a range of sections up to 1.5-in. diameter 
can be approximately predicted from the carbon equivalent value 
using as a basis five characteristic micresiructures. This diagram 
largely confirms the earlier work of Sipp. 

In the discussion of the results the structures are referred to 
their commercial uses indicating the value of the diagram in the 
foundry. 

The effect of the volume area ratio on cooling rate and 
strength and the limitations of this method of calculation are 
shown. Figures are given showing the heterogeneity of mechani- 
cal properties even in compact sections due to difference in speed 
of cooling and the importance of realizing the limitations of the 
carbon equivalent value is stressed. 

From the point of view of the foundryman and the designer, 
the basic information on mechanical properties is given in Fig. 
6, 11 and 14 and although appreciable uncertainty exists at 
any given point, nevertheless, in aiming for a given strength of 
test bar. these curves show the range of compositions most likely 
to yield the required results. 

Figure 21 shows the likely structure to be expected from a 
given analysis and section size, covering the soft ferrite containing 
freely machinable irons, the fully pearlitic, strong, machinable. 
engineering irons and the mottled and white unmachinable 
irons. The limits defining these characteristics can be fairly 
closely laid down on the basis of composition. 





Previous Work 


FOR MANY YEARS metallurgists have looked for a 
formula by which the major properties of cast iron 
could be estimated from its analysis. The many vari- 
ables, such as composition, cooling rate, etc., which 
so markedly affect the properties of the material made 


* The British Cast Iron Research Association, Alvechurch, 
Birmingham, England. 


Oijicial Exchange paper from the Institute of British Foundry- 
men to the American Foundrymen’s Society. It was sponsored 
by the Gray Iron Division and presented at a Gray Iron Session 
May 4, 1949, by R. Schneidewind in absence of the authors. 
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it seem impossible to obtain a solution which would be 
sufficiently accurate and at the same time simple 
enough to be of value. A detailed discussion of the 
previous work on this subject was made by Hamberg! 
at the Association in 1946 and is summarized below. 

All the important attempts to produce such a for- 
mula appear to have centered around the composition 
of the iron carbon eutectic. For pure iron:carbon al- 
loys, the eutectic has been variously placed between 
4.20 and 4.3 per cent C.? Thus, iron containing pro- 
gressively more than 4.3 per cent C would be expected 
to contain kish graphite in increasing quantities and 
iron progressively below 4.3 per cent C would contain 
normal graphite in diminishing quantities. It has long 
been known that graphite is the major constituent 
affecting the strength of gray cast iron and it was there- 
fore reasonable to suppose that any formula which in- 
dicated how close an iron was to its eutectic value 
would also bear some relation to its strength. 

Since the percentage of carbon in the eutectic is 
affected by other elements normally present in cast 
iron, the various investigators have endeavored to 
make allowances in their formulae for these other ele- 
ments. On the evidence® that silicon reduced the car- 
bon percentage in the eutectic by approximately one- 
third of the amount of silicon added, Heyn* produced 
the formula: 

Si 
1.30 —— = eutectic carbon content 
33 


Prior to 1922, Cook® used a modification of this for- 
mula in calculating cast iron compositions for various 
purposes: 

Total Carbon 


x= = 


- Si 
a 
3.6 
and gives x = 0.9 to 1.0 as suitable for light castings, 
pipes, etc. and x = 0.76 to 0.82 as suitable for steam 
and diesel cylinders. 

Heyn applied the term carbon saturation value, Sc. 
to the factor, x, as it showed directly whether an iron 
was hypo or hyper-eutectic: thus, a eutectic iron would 
have an Sc value of 1.0, a composition T.C. 3.6 per 
cent; Si 3.6 per cent would have an Sc value of 1.1, i.e. 
would be hyper-eutectic, and a composition of T.C. 3.6 
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r cent; Si 0.9 per cent would have an Sc of 0.9 and 

ould therefore be hypo-eutectic. 

This method of relating the actual total carbon in a 
.asting with the theoretical corrected eutectic carbon 

sure has been followed consistently on the Continent 
and the term “carbon saturation value,” Sc, is widely 

mployed. 

Other investigators have applied correction factors 
lor other elements. Thus, Fletcher® pointed out that 
Cook’s formula applied mainly to irons with 0.8 to 0.9 
per cent phosphorus and put forward a formula which 
included additional corrections for phosphorus, man- 
ganese and sulphur: 

Eutectic carbon = 4.3-0.286 Si — 0.387 P + 0.018 (Mn-1.8S) 

Hanemann and Schrader’ published curves showing 
a marked relation between strength and hardness and 

ox. 

4.23 — Si/3.2 
These curves, of course, exclude the effect of phos- 
phorus. 

Brinkmann and Tobias® produced a corrected for- 


Sc values based on Sc = 


mula 
ye of 
Sc = 





4.23 — 0.312 Si — 0.33 P + 0.066 Mn 
which, like that of Fletcher's, recognized that phos- 
phorus has practically the same effect as silicon on the 
carbon content of the eutectic and, in a like manner, 
included a factor for manganese but added that as 
manganese was usually largely combined with sulphur, 
the correction could be ignored without serious error. 

The figures of Hanemann and Schrader, when cor- 
rected by Brinkmann and Tobias, fit in well with their 
own results relating tensile and hardness with Sc value. 

The attempt to attach exact figures in these for- 
mulae to each element normally present in cast iron 
can only be theoretically justified over a narrow range 
of composition and in view of the other interfering fac- 
tors it is doubtful whether more than one significant 
figure can be usefully employed where it is intended 
to relate the formula to the mechanical properties. 

Although correction factors for silicon have ranged 
from 0.286% to 0.312% and for phosphorus from 0.31 
to 0.3878, a common factor of 0.33 or 0.3 is quite as ac- 
curate as the experimental results warrant and the 
influence of manganese and sulphur can be safely 
ignored in gray iron with manganese between 0.35 and 
0.9 per cent assuming a satisfactory manganese-sulphur 
balance in the low manganese range. 

Similarly, the theoretical iron carbon eutectic value 
can be taken as 4.3 without serious error. 

Of the many other factors likely to affect the close 
relationship of strength with composition, the difficul- 
ty of obtaining accurate total carbon analyses, particu- 
larly with coarse structures, is important as the total 
carbon value is three times as important as the silicon 
or phosphorus but the accuracy of estimation may be 
much lower. 


Carbon Equivalent Value (C.E.) 
Carbon Equivalent (C.E.) = T.C., % + Si,% + P.% 
3 
he close correspondence of the tensile and Brinell 
figures with Sc value—as determined by Hanemann 
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and Schrader and Brinkmann and Tobias—decided us 
in 1945 to collect all the relevant data from British 
foundry practice to ascertain how far this correspon- 
dence could be relied on. 

In America and in England the carbon equivalent 
value has been used in place of the Sc value. This term 
takes the iron carbon eutectic value directly as its basis 
and for a particular analysis adds the necessary correc- 
tions to the actual total carbon figure so that the final 
figure is related directly to the theoretical eutectic car- 
bon figure. 

Thus, if 4.3 be taken as the percentage of carbon in 
the iron carbon eutectic, an iron with a composition 
of T.C., 3.4 per cent; Si, 3.0 per cent; P, 0.9 per cent 
has a carbon equivalent value of 4.7 and is therefore 
hyper-eutectic, and a composition of T.C., 3.0 per cent; 
Si, 2.5 per cent; P, 0.2 per cent has a carbon equivalent 
value of 3.9 and is therefore hypo-eutectic. 

Another variant of the same formula is C.E. = T.C. 
+ 0.3 (Si + P) but the difference between this and 
the former formula is too small to be significant. 

The carbon saturation value, Sc, and the carbon 
equivalent value, C.E., are merely different methods of 
defining how close an iron is to its theoretical eutectic 
value and it matters little which is employed. The Sc 
value is probably the more logical but the C.E. value 
is slightly easier to calculate and for this reason has 
been most widely employed as a practical standard. 
The formula quoted at the top of the section is the 
one employed in the following investigation. 


Relation Between C.E. Value, T.S. and 
Transverse Rupture Stress 


All the experimental data for tensile and transverse 
tests to be quoted has come from twenty commercial 
foundries, collected over a period of 4 to 6 years, and 
not from laboratory results. ‘The results apply only to 
unalloyed, uninoculated irons. All the bars mentioned 
in this work were circular in cross-section, unless other- 
wise stated, and most of them were cast in greensand. 
The tensile specimens were machined symmetrically 
from the center of the bars. The transverse tests were 
made on unmachined as-cast bars. 

A preliminary survey, based on the work of Ham- 
berg, was published in the British Cast Iron Research 
Association’s Bulletin for November, 1946 and the fol- 
lowing tables include the earlier figures, but slight 
modifications in the slopes of the curves have been 
made following the inclusion of a considerable num- 
ber of new figures. 

The limits of analyses used in this paper are shown 
below. The figures include carbon equivalent values 
from 3.5 to 4.82. 


TABLE oF Limits oF ANALYsis UsEep IN VARIOUS SIZES 
or Test Bar 





Diam. No. of 
of Test Bars yx of Si Mn ‘ P 
Bar, in. Tested 





1.74-3.3  0.40-0.80 0.081-0.138 0.16-1.34 
1.47-3.53 0.31-0.95 0.054-0.158 0.16-1.42 


0.6 149 2.87-3. 
0.875 203 2.87-3. 
1.2 170 2.92-3. 
-3. 
-3. 


58 0.99-3.23 0.28-0.91 0.052-0.264 0.057-1.29 
57 1.59-3.3 0.41-0.83 0.077-0.127 0.16-1.17 
51 1.62-3.30 0.41-0.67 0.077-0.103 0.74-1.17 


1.6 93 3.02 


2.1 58 2.87 
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TABLE I—0.6-1In. Diam Test Bars IN ORDER OF INCREASING TENSILE STRENGTH 
C.E. Ultimate Transver-e 


No. Foundry ANALYSIS Value Tensile Ruptur 





C.E, Ultimate Transverse 
No. Foundry ANALYSIS Value Tensile Rupture 
TC. Si Mn S P Tons/sq in. Tons/sq in T.C. Si 
1.09466 106 27.0 5 DD 342 248 0.17 4.30 16.0 289 
459 10.7 266 5 DD 347 241 0.17433 16.0 30.1 
3.21 3.30 1174.70 108 222 3.40 2.35 0.82446 160 254 
3.31 2.87 0.89 4.56 116 229 AA 3.27 2.50 0.90440 16.1 296 
3.30 2.99 0.98 462 8 235 9 AA 3.23 2.40 0.57 0.138 0.84 4.31 16.2 
3.34 3.00 104469 19 248 AA 3.24 2.24 0.44 0.129 0.93 4.30 16.3 
3.40 2.76 0.67 0.077 1.03 4.66 120 25.3 3.43 2.60 0.80 0.083 0.17 4.35 16.3 
3.28 2.86 044.58 120 256 AA 3.27 2.50 1.01 4.44 = 16.5 
3.27 3.12 12468 120 185 AA 3.25 2.39 0.49 0.103 0.75 4.30 16.5 
3.35 2.57 954.52 122 235 3.46 2.28 0.81 4.49 16.6 
3.31 3.20 06 4.73 122 232 3.18 2.01 0.47 0.114 0.90 4.15 16.8 
3.38 2.09 0.46 914.38 128 275 3.27 2.50 0.87 4.39, 16.8 
3.45 3.11 99482 123 283 AA 3.27 2.50 0.87 439° 16.8 
3.44 2.99 904.74 123 259 AA . 3.23 2.43 0.45 0.089 0.84 4.32 16.8 
3.23 3.00 0.52 05 4.58 126 20.1 ¢ 3.29 2.24 0.90 4.34 169 
3.50 2.32 0.69 204.34 127 308 3.15 1.80 0.90 4.05 17.0 
2.94 96460 127 25.8 AA 8.27 2.45 0.80 4.35 17.0 
2.84 463 127 24.2 ( AA 3.19 2.21 0.88 4.22 
2.98 465 129 23.6 93 AA 3.27 251 0.87 4.40 17.0 
9 57 4 AA 3.22 2.50 0.90 4.35 17.0 
— en rs 3.16 1.97 0.97 4.14 17.0 
4251 00451 «13.4 AA 3.25 2.50 0.88 4.38 17.0 
3.00 0.56 452 13.6 ; 3.42 2.41 0.16 17.1 
2.64 15 4.58 13.7 ; 6 5.37 2.51 0.81 4.41 
2.68 34 4.61 ae ee , 
2.71 23 4.58 ren ote 
2.97 15 4.67 oa co 
2.66 15 4.47 ee in on aoe 
2.75 092 1.19 4.57 ; aA aie ' 
2.67 23 4.55 ; oon aan 
2.47 19 4.35 . rt oa 
2.77 19 4.63 ; a os 
2.63 24 447 ; ; are 
9 2.84 28 4.76 ; ; <<: a 
1.79 95 4.19 ; . noe aie 
1.93 0.41 0.081 0.92 4.11 ; 2 . Hed « 
2.49 91 4.39 ; , +r 
2.62 0.085 1.22 4.60 6 ine ee 
237 0.50 0.118 074 429 146 , 338 223 0.62 0.127 
85 . ; , , 9. = 
npn 4H ' . “ 0.73 0.099 
7 2.92 0.51 0.095 4.66 146 ; — 
2.88 27 4.58 . ; : 
1.95 
— os = 3.28 1.79 0.53 0.101 
2.65 18 4.48 y 9 49 
2.83 18447 14, ap en 
_ oo 2.43 0.83 0.110 
2.62 121461 14. 25. a 9 Gan One 
2.31 0.081 0.88 4.40 14. 2 ae 
2.49 0.108 1.21 4.51 ta 
2.36 0.118 0.98 4.33 . “eh 
2.51 0.88 4.40 a. aaaee 
2.23 0.117 0.90 4.35 3.43 2.34 
2.27 0.88 4.44 LX § 3.28 1.75 
2.35 0.87 4.47 ' ‘ 3.94 211 
2.79 1.22 4.59 ; 3.31 2.33 
2.47 0.21 4.32 r i , 3.31 2.33 
2.52 0.43 0.087 0.87 4.40 ; ; 3.97 2.99 
1.74 0.93 4.02 ‘ : 3.27 2.27 
2.20 0.097 0.92 4.47 3.98 298 
2.19 0.43 0.105 1.04 4.22 r 287 1.99 0.89 
SOO CHE OLED COE SA5 1S. : 3.09 1.97 0.48 0.081 0.83 
ame 0.17 4.27 3.31 2.25 0.26 
~~ 0.78 454 = 15. 3.28 2.19 0.66 0.100 0.21 
— 0.86 4.82 3.24 2.12 0.21 4.02 
oo 087 424 = 15. 3.02 1.76 0.49 0.083 0.82 3.88 
ged 082 4.45 15. 3.28 1.62 0.90 4.12 
oe 0.70 4.33 15. 3.16 2.33 0.23 4.01 
1.88 0.94 4.19 J 3.08 2.39 0.56 0.116 0.67 4.10 
2.50 0.91 4.37 3.13 1.87 0.97 4.08 





Mn S P Tons/sq in. Tons/sq in 








3.34 2.87 
3.26 3.10 0.65 0.084 0.90 
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Taser 2—0.875-1In. Diam Test Bars IN ORDER OF INCREASING TENSILE STRENGTH 


























tonality ; Ultimate Transverse Ultimate Transverse 
ome No. Foundry ANALYSIS C.E. Tensile Rupture No. Foundry ANALYSIS C.E. Tensile Rupture 
ya" Si Mn S&S P Value _ Stress, Stress, - — ae @ P Value Stress, Stress, 
9 Tons/sq in. Tons/sq in. Tons/sq in. Tons/sq in. 
1 : ee ae 
r 2.87 1.09 4.66 10.0 22.2 C 3.13 2.8: 1.18 4.47 12.8 26.5 
6 35 2.84 0.52 0.095 0.99 4.63 10.1 23.6 ‘C—-3.28 2.49 0.68 0.108 1.21 4.51 12.8 25.1 
9 ; $.12 1.12 4.68 10.3 19.5 2C 3.32 2.63 0.58 0.085 1.22 4.60 12.9 23.8 
‘4 2.59 0.60 0.111 1.10 4.59 3 ~ : 3.23 2.03 0.91421 129 22.4 
4 € € 9 ” ee 
6 2.82 py ae 7 25 1.88 0.94 4.19 13.0 
3 ) 1 uaaltamale tp ae  e 7! 51 2.23 0.32 4.36 13.0 
ee Ns RS ema 7 53 2.18 064447 13.2 

8 ° Oc US ow t.9% - ase + 9 ¢ = 9” 9 
0 oy pyer 99.7 7 42 2.38 0.17 4.27 13.2 
; sgt pie eigen pit 27 2.50 0.90440 13.2 

528 0.4) 0879 16 1.93 0.92 4.11 13.2 


2.69 0.65 0.068 
2.87 
2.99 


3.20 


5 2.37 0.74 4.29 13.2 

2.32 0.78 4.54 13.2 

2.24 0.90 4.34 13.3 

2.49 0.91 4.39 13.3 

2.50 0.84 4.43 13.3 

1.83 0.31 4.45 13.3 

3.01 1.18 4.60 13.4 

2.32 1.18 4.40 13.4 

2.07 0.87 4.30 13.4 

2.50 0.36 4.37 13.4 

7 2.50 1.01 4.44 13.4 
2.32 0.20 4.34 13.4 
2.39 0.75 4.30 13.5 
2.45 0. 0.80 4.35 13.5 
2.28 0.81 4.49 13.6 
2.45 0.87 4.54 13.6 
1.76 0. 0.71 4.12 13.6 
2.48 0.17 4.30 13.4 
2.50 0.87 4.49 13.7 
2.31 0.47 0.083 0.94 4.47 13.7 
2.34 0.84 4.42 13.8 

3.29 9.50 2.27 0.74 4.47 13.8 

3.32 2.73 2.50 0.87 4.39 13.8 

3.40 2.76 ' 6 . : 2.80 0.097 1.05 4.42 14.0 

3.36 2.98 ; 3.60 1.98 0.104 0.34 4.37 14.0 

3.30 2.94 96 4. ; J : 34 1.79 0.093 0.78 4.20 14.0 

3.34 2.51 ; ; ; 7 j 2.60 0.083 0.17 4.35 14.0 

3.38 2.40 : 5 y ‘ : AA 2.51 0.088 0.87 4.40 14.0 

3.39 2.27 4. 2.35 0.82 4.46 14.0 

2.43 0.22 4.26 14.1 

2.41 0.17 4.33 14.1 

2.50 0.92 4.36 

1.97 0.089 0.41 4.18 

2.39 0.16 4.24 

2.50 0.87 4.39 

1.52 0.50 0.150 0.67 4.26 

2.10 0.95 0.092 0.36 4.24 

2.51 0.88 4.40 

2.41 0.16 4.28 

2.07 0.086 0.57 4.16 

2.15 0.106 1.00 4.33 

2.51 0.43 4.27 

2.50 0.90 4.35 

2.50 0.88 4.38 

2.43 0.089 0.84 4.32 

2.38 0.17 4.19 

2.31 0.17 4.20 

2.47 0.19 4.19 

a a a 2.40 0.57 0.138 0.84 4.31 

ee “ve 0.57 0.102 a 2.05 0.63 0.080 0.64 4.29 

3.33 2.62 F r f I 3.17 1.94 0.34 0.108 1.24 4.23 

3.25 2.79 - a Y A! 2.36 94 4.37 

3.42 2.52 20 4. r 2.43 0.83 0.110 


3.22 2.01 ' \ f . 35 2.31 
3.43 2.20 0. : : . . 2.23 0.62 0.127 
3.37 2.31 4 ‘ ‘ . 31 2.50 
3.20 2.65 : ' . 31 2.39 
3.23 2.50 . : ‘ 2.41 0.73 0.099 
3.27 2.52 0.43 0.087 0.87 2.31 


or hn 
— Or 


Ge G2 Le Ge Le Le Ge Ge be Le 
no 
» © 


no 
7) 





ge 
a 
me FO 


3.53 0.079 
3.00 3.32 0.087 
3.03 3.44 0.080 
3.24 2.38 0.105 
3.34 2.31 0.081 
3.34 3.00 
3.45 3.11 
935 257 
3.24 2.58 0.055 
3.57 2.43 
3.30 2.97 
3.28 2.86 
$.33 2.57 
3.44 2.99 
3.39 2.68 
3.26 1.76 
3.46 2.47 


2h NID NS 

no I 

: 
Go Ge oe 
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3.20 2.88 
3.21 2.87 0.080 
$.45 2.18 
3.02 1.59 
3.30 2.28 
3.31 2.77 
3.27 2.92 0.51 0.095 
3.18 2.63 
3.11 2.81 0.080 
3.39 2.84 
3.24 3.00 
3.25 2.67 
3.26 2.75 0.55 0.092 
3.20 1.85 
3.40 2.35 
3.43 2.47 
3.27 2.71 
3.10 3.00 0.114 
3.20 2.66 
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TABLE 2—0.875-1n. Diam Test Bars IN ORDER OF INCREASING TENSILE STRENGTH (Contd.) 
No. Foundry ANALYSIS C.E. Ultimate Transverse No. Foundry ANALYSIS C.E. Ultimate Transvers2 
SP Value Tensile Rupture To. & Mn S&S P Value Tensile Rupture 











TC. Si Mn 
2.95 2.27 0.31 0.114 1.42 4.18 15.3 22.7 172 DD 3.31 2.33 0.16 4.14 16.8 $1.3 
3.29 2.51 0.90 4.43 15.4 26.9 173 DD 3.27 2.27 0.18 4.09 16.8 30.5 
$3.26 2.50 0.43 0.091 0.91 4.40 15.4 29.3 174 BB 2.87 1.92 0.89 3.81 16.8 30.2 
3.27 2.68 1.34 4.61 15.5 22.0 175 BB 3.13 1.87 0.97 4.08 17.0 = 
$3.29 1.95 0.97 4.26 15.5 27.9 176 DD 3.24 2.12 0.21 4.02 17.0 26.9 
3.27 2.11 0.89 4.27 15.6 - 177 DD 3.31 2.25 0.26 4.15 17.0 26.5 
3.30 2.08 0.96 4.31 15.6 27.9 178 BB 3.28 1.62 0.90 4.12 17.3 32.5 
$.32 2.33 0.19 4.16 15.6 26.0 179 BB 3.17 1.82 0.94 4.09 17.4 27.9 
3.32 2.40 0.73 0.102 0.16 4.17 15.6 24.3 180 BB 3.15 1.80 0.90 4.05 17.4 30.1 
$3.25 1.87 0.47 0.118 0.99 4.20 15.7 - 181 DD 3.28 2.19 0.66 0.100 0.21 4.08 17.4 29.1 
3.46 1.71 0.78 0.068 0.36 4.15 15.8 33.6 182 P $.13 1.82 0.52 0.124 0.34 3.85 17.5 

3.27 2.42 0.23 4.15 15.8 27.4 183 BB 3.22 1.90 0.86 4.14 17.6 

3.13 2.35 0.56 0.133 1.06 4.27 15.9 30.1 184 P 3.31 1.75 0.34 0.111 0.55 4.08 17.7 

$.32 1.48 0.47 0.158 0.86 4.10 16.0 185 P $3.27 2.03 0.62 0.098 0.43 4.09 17.8 

3.43 2.34 0.71 0.101 0.29 4.31 16.0 6 186 P 3.03 1.74 0.52 0.119 0.62 3.82 17.8 

3.49 1.68 0.62 0.078 0.48 4.21 16.2 187 DD 3.16 2.33 0.23 4.01 17.8 

3.27 2.29 0.18 4.09 16.2 .) 188 R 3.20 1.74 0.59 0.090 0.54 3.96 18.0 

3.15 2.00 0.51 0.103 0.92 4.12 16.2 d 189 G 3.12 1.77 0.81 0.078 0.37 3.83 18.0 

3.46 1.47 0.87 0.096 0.76 4.20 16.3 190 P 3.17 1.76 0.44 0.103 0.39 3.89 18.0 

3.08 2.39 0.56 0.116 0.67 4.10 32.2 191 3.28 1.75 0.81 4.13 18.0 

3.09 1.97 0.48 0.081 0.83 4.02 eel 192 d 3.28 1.91 0.89 0.121 0.38 4.04 18.1 

3.16 1.97 0.97 4.14 D.! 26.5 193 3.15 1.68 0.59 0.090 0.56 3.90 18.1 

3.32 1.80 0.61 0.093 0.54 4.10 9.5 34.3 194 3.21 1.64 0.47 0.125 0.41 3.89 18.5 

3.13 1.74 0.93 4.02 gf _ 195 3.00 1.87 0.68 0.120 0.62 3.83 18.6 

3.28 2.28 9.19 4.10 y. $1.4 196 3.02 1.76 0.49 0.083 0.82 3.88 18.6 

3.43 1.84 0.77 0.070 0.47 4.20 1.6 31.7 197 3.11 1.66 0.88 3.96 18.6 

2.28 1.79 0.53 0.101 1.00 4.21 6 27.9 198 3.28 1.82 0.51 0.106 0.50 4.05 13.8 

3.28 1.79 0.95 4.19 3.7 _ 199 3.24 1.80 0.34 0.110 0.46 3.99 18.9 

3.18 1.76 0.51 0.087 0.55 3.95 7 $1.2 200 3.03 1.87 0.35 0.093 0.65 3.87 19.3 

$3.26 1.85 0.50 0.127 0.41 4.01 33.6 201 3.19 1.92 0.40 0.114 0.78 4.09 19.4 

3.30 1.34 0.48 0.113 0.76 4.00 . _ 202 3.07 1.97 0.51 0.112 0.66 3.95 20.0 

$3.21 1.22 0.61 0.098 0.30 3.72 . ~ 203 3.10 1.74 0.42 0.110 0.50 3.85 20.6 

831 2.3 0.32 4.19 i. 30.0 
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Fig. 2—Relation between tensile strength and carbon 
equivalent value for 0.875-in. diam bars. 
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Fig. 1—Relation between tensile strength and carbon 
equivalent value for 0.6-in. diam bars. 














T. Ancus, F. DUNN AND D. MARLEs 


TasBie 3—1.2-1n. Diam Test Bars IN ORDER OF INCREASING TENSILE STRENGTH 





Ultimate Transverse Ultimate Transverse 


.o. Foundry ANALYSIS C.E. Tensile Rupture No. Foundry ANALYSIS C.E. Tensile Rupture 
rc. si Mn S P Value Stress, Stress, rc. Si Mn S P Value Stress, Stress, 
Tons/sq in. Tons/sq in. Tons/sq in. Tons/sq in. 











I 3.58 1.37 0.58 0.096 0.75 4.29 9.3 19.1 J 3.31 1.26 0.38 0.08 0.51 3.90 
U 3.31 2.13 0.68 0.08 0.60 422 95 23.6 3.34 1.78 0.39 0.09 0.85 4.22 
BB 3.31 3.00 0.87 460 9.5 _ 3.36 2.38 0.79 4.42 
U 3.48 2.06 0.71 0.06 0.88 446 96 23.1 $3.21 241 1.05 4.36 
BB 3.19 3.14 5! 9.6 ~ 3.23 2.38 1.03 4.37 
BB 3.17 3.16 4 9.6 3.18 2.50 0.85 4.30 13.6 22.2 
BB 3.20 3.10 0.49 0.098 1.03 4.! 9.7 3.7 7 s $3.15 1.78 0.47 0.113 1.05 4.09 13. 24.4 
BB 3.13 3.00 07 4A 9.7 5f 3.38 1.92 0.53 0.07 0.73 4.26 13. 25.6 
BB 3.25 3.04 S f 9.8 3.44 1.36 0.47 0.09 0.58 4.09 13. 29.9 
BB 3.28 3.00 9.9 3.30 1.50 0.53 0.08 0.67 4.02 13. 26.4 
U 3.28 2.16 0.76 0.08 0.86 4.26 9.9 ¢ U 3.42 1.25 0.61 0.09 0.40 3.97 13. 27.8 
S 3.16 2.29 0.37 0.138 1.29 10.3 mp re oe — - -_ 
BB 3.35 2.39 0.96 10.3 an Gan anon 'aant aa 
BB 3.21 3.19 0.96 10.4 9.! ‘A onan wa or 
AA 3.23 2.50 0.91 10.6 . nanan aan. aie 
BB 3.22 2.52 0.86 10.8 398 908 0.93 4.28 
alte “ace 3.28 2. 93 42 
a mer 74 4 1.62 a 3.56 1.38 0.81 0.104 0.39 4.15 
S 3.02 2.62 0.35 0.132 1.10 426 109 : Z 3.14 1.97 0.67 0.105 0.81 4.07 
S 2.97 2.15 0.43 0.123 1.16 4.07 10.9 3.41 1.60 0.31 0.08 0,71 4.18 
BB 3.37 2.54 0.56 0.144 0.77 447 109 3.24 2.47 0.85 4.35 
AA 3.27 2.52 0.48 0.087 0.87 440 110 25.3 ~ pp ao ree — 
or wer Zs ; rn ro a ne 3.26 1.64 0.43 0.08 0.54 3.99 
A: Lm Bee. es . F aU. A sa ali ea sa ra 
V—-:33.19 2.59 0.44 0.059 144 4.53 ILA ae _~ se aa - — 
AA = 3.32 250 045 0.090 0.84 443 11.2 25. <a: - ton oe 
AA 3.26 2.49 0.91 4.39 11.2 25.5 : aa oie aon ane 
AA 3.27 2.51 0.43 0.088 0.87 440 IL: . aaa bm Giheih Ge ate 
W 3.23 2.18 0.84 0.041 1.07 4.31 11. a o8 kee hee Gah Gan ‘ees 
S 3.12 2.06 0.57 0.097 0.94 4.12 11. aks G56 ob: G00 bee Aan 
BB 3.34 2.29 0.91 441 a. | a 
V ~ 2.41 0.59 0.052 1.21 ~~ an oa eo 
AA 3.27 2.50 0.87 4.39 ae - _ 
AA 3.37 2.50 0.87 4.49 24.9 ped oa. oie end 
BB 3.26 2.84 0.93 4.52 20.0 — % 
BB 33.23 3.12 0.94 4.58 6 19.0 BB 327161 0.80 4.07 
BB 3.14 3.12 0.90 4.48 19.0 Zz 3.24 1.82 0.66 0.122 0.74 4.09 
BB 3.14 3.23 1.10 4.5 20.7 U 3.28 1.41 9.32 0.08 040 3.88 
BB 3.27 2.9) 0.47 0.101 1.00 4. 22.0) U 3.34 1.60 0.49 0.07 0.50 4.04 
BB 3.34 2.50 0.53 0.132 0.88 4.47 11.6 23.6 AA 3.29 2.50 0.92 4.36 
AA 3.22 2.5) 0.99 4.35 II. 27.0 BB 3.21:1.96 0.44 0.127 0.89 4.16 
BB 3.30 2.53 0.80 4. I. U 3.42 1.78 0.53 0.10 049 4.18 
BB 3.40 2.19 S84. Is BB 3.13 2.12 0.97 4.16 
BB 3.23 2.16 0.55 0.177 0.91 4.25 12.0 BB 3.17 2.18 0.88 4.19 
U 3.30 1.55 0.36 0.06 0.57 4.01 12.1 : Y 3.47 1.57 0.71 0.118 0.75 4.24 
AA 3.27 2.50 1.01 4.44 12.1 U 3.34 1.68 0.45 0.07 0.63 4.11 
AA 3.27 2.50 0.87 4.39 12.2 l 3.35 1.55 0.52 0.07 0.56 4.05 
S 3.07 2.21 0.46 0.105 1.05 4.16 12.3 Z 3.03 1.94 0.54 0.099 0.87 3.97 
BB 3.29 2.19 0.85 423 123 Y 3.38 1.47 0.75 0.104 0.31 3.97 
v 
l 
l 
t 
l 





SS PO PS PS PS 
“1D St se SO HS 


w 


in bx bx be be be 


or 





BB 3.28 2.71 0.92 449 124 3.27 1.31 0.48 0.07 0.37 3.83 
BB 3.34 2.46 0.78 4.42 12.4 3.09 1.60 0.41 0.06 0.72 3.86 
BB 3.23 2.96 100 4.55 125 3.39 1.36 0.47 0.11 047 4.00 29.6 
xX 3.50 1.70 0.76 0.09 0.69 4.30 125 3.31 1.62 0.45 0.09 0.47 4.01 31.8 
U 3.55 1.50 0.54 0.09 0.35 4.17 12.6 3.22 1.38 0.43 0.09 0.71 3.92 32.0 


AA 3.27 2.51 0.88 440 126 26. "er Se Seepiereaeceoeine - 
amt P pin ger 3.34 1.50 0.57 0.08 0.67 4.06 26.6 
a ae ee oe” ae | 3.88 2.02 0.51 0.07 0.59 4.25 30.0 
i don cae ore ae = ' —- $.11 1.55 0.48 0.12 051 3.80 30.8 
> ron ee | - $.34 1.50 0.49 0.10 0.52 4.01 32.6 
oe a _ | —- $23 1.92 0.53 0.11 0.44 4.02 33.8 
AA 3.31 2.50 0.92 445 128 246 . ; oo 
BB 3.28 2.51 0.78 438 128 ee a _ 
BB 397 9.49 085 436 128 > 3.25 2.05 0.72 0.09 0.60 4.13 _ 
: tit oon isael x ae 1 $.40 1.74 0.42 0.09 0.47 4.14 29.2 
enlaces tt Rec a — 1 —- $.19 1.26 0.48 0.08 0.52 3.78 $1.5 
BB 3.22 2.56 0.71 0.264 0.91 438 13.0 | $47 1.27 0.34 0.07 0.61 4.10 33.0 
BB 3.28 2.38 0.89 432 13.1 33 1 —-$.56 1.22 0.34 0.09 0.46 4.12 30.7 
BB 3.27 2.42 0.80 4.34 13.2 : | —-$.17 1.17 0.48 0.09 0.60 3.76 35.0 
U _—- 3.12 1.22 0.57 0.08 047 3.68 1338 | —- 3.54 1.27 0.46 0.12 0.71 4.20 30.7 
U —- 3.24 1.74 0.61 0.07 043 3.96 13.4 5. 1 $36 122 0.50 0.10 0.61 3.97 $1.2 
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CARBON EQUIVALENT OF CAST IRON: 


Taste 3—1.2-1n. Diam Test Bars IN OrDER OF INCREASING TENSILE STRENGTH (Contd.) 





Ultimate Transverse 


No. Foundry ANALYSIS C.E. Tensile Rupture 


rc. & Ma S P Value Stress, Stress, 
Tons/sq in. Tons/sq in. 





Ultimate Transverse 

ANALYSIS C.E. Tensile Rupture 
P Value Stress, Stress, 

Tons/sq in. Tons/sq in. 


No. Foundry 





T.cC. Si Mn 





1.45 0.47 0.07 0.38 3.79 165 $2.6 
1.78 0.40 0.17 0.78 4.03 16.6 29.5 
1.29 0.37 0.08 0.44 3.70 16.7 31.2 
1.73 0.70 0.092 0.90 3.93 16.8 — 
1.31 0.28 0.09 0.52 3.93 168 30.5 
1.32 0.40 0.08 0.55 3.84 168 $2.4 
1.29 0.61 0.13 0.53 3.84 d. 34.0 
1.22 0.48 0.11 0.42 3.81 29.9 


0.75 0.12 0.55 3.82 29.6 
0.48 0.08 0.51 4.09 28.0 
0.40 0.10 0.56 3.71 30.6 
0.40 0.13 0.40 3.63 29.4 
0.42 0.14 0.56 3.81 30.6 
0.37 0.07 0.66 3.77 

0.44 0.13 0.74 

0.56 0.11 0.69 

0.47 0.09 0.62 


_ 
7) 
© 





in 


sss 


ee eee GaadcaTnmeace 


3.21 1.42 0.94 0.106 0.66 3.90 17.7 34.3 
3.10 1.41 0.48 0.11 0.68 3.80 17.8 28.9 
2.98 1.54 0.40 0.12 0.68 3.72 ; 32.5 
3.33 2.50 0.84 4.44 ‘ - 
3.36 1.27 0.57 0.10 0.52 3.96 7. 33.0 


3.16 1.79 0.33 0.14 0.49 3.92 
3.16 1.31 0.55 0.09 042 3.74 
3.27 1.24 0.45 0.10 0.60 3.88 
$.22 1.43 0.33 0.11 0.69 3.93 
2.99 1.51 0.48 0.12 0.66 3.71 


2.99 1.34 0.42 0.09 0.58 3.63 
3.53 1.14 0.58 0.11 0.46 4.06 
2.92 1.05 0.55 0.12 0.68 3.50 


3.36 1.43 0.70 0.09 0.07 3.86 
2.88 1.90 0.74 0.07 0.08 3.54 
2.97 1.90 0.32 0.134 0.057 3.62 
3.04 1.90 0.91 0.103 0.10 3.71 
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Fig. 3—Relation between tensile strength and carbon 
equivalent value for 1.2-in. diam bars. 


The tensile results are given in detail in Tables 1 
to 5 and are plotted in Fig. 1, 2, 3, 4, 5 and 6 for 0.6-in., 
0.875-in., 1.2-in., 1.6-in. and 2.1l-in. diameter test bars 
and the transverse tests are plotted in Fig. 7, 8, 9, 10 
and 11, for 0.6-in., 0.875-in., 1.2-in. and 1.6-in. diameter 
bars. No tests were taken in transverse on 2.1-in. bars. 
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Fig. 4—Relation between tensile strength and carbon 
equivalent value for 1.6-in. diam bars. 


A wide range of phosphorus content is included in 
all sizes of bar except the 2.1-in. bar in which the range 
is from 0.74 to 1.17 per cent P. About one-third of the 
bars had been submitted for routine test and in the 
remainder the test bars were made from production 
metal at the request of the B.C.I.R.A. for the purpose 
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H. T. Ancus, F. DUNN AND D. MARLES 


Tasie 4—1.6-1n. Diam Test Bars IN OrDER OF INCREASING TENSILE STRENGTH 





Ultimate Transverse 


\o. Foundry ANALYSIS C.E. Tensile Rupture 





P Value _ Stress, Stress, 
Tons/sq in. Tons/sq in. 


Tc. & Ma S 


Ultimate Transverse 

C.E. Tensile Rupture 

P Value Stress, Stress, 
Tons/sq in. Tons/sq in. 


No. Foundry ANALYSIS 


Si ; Mn S 








3.27 3.12 12 4.68 7.3 15.7 
3.57 2.43 17 4.44 78 16.7 


0.16 4.24 11.7 21.6 
0.84 4.42 11.8 22.9 





3.26 3.10 0.65 0.084 0.90 4.59 8.3 15.1 
3.30 2.99 98 4.62 8.3 15.3 
3.23 3.00 0.52 0.082 1.05 4.58 8.4 18.2 
3.34 3.00 04 4.69 8.6 16.8 
3.46 2.47 19 4.35 8.7 17.9 
3.21 3.30 17 4.70 8.8 19.5 
3.44 2.99 4.74 8.9 17.7 





3.31 2.87 4.56 9.0 16.6 
3.34 2.87 4.66 9.1 17.1 
3.32 2.73 91 4.53 9.2 17.4 
3.35 2.84 0.52 0. 99 4.63 9.3 14.1 
3.30 2.94 96 4.60 9.6 17.3 

2.28 81 4.49 9.7 20.2 
3.22 2.01 89 4.19 : 19.4 
3.28 2.86 04 4.58 } 17.1 

2.47 21 4.32 

3.11 99 4.82 

2.98 88 4.65 

2.20 0.43 0.097 4.47 





2.76 0.67 0.077 4.66 
2.57 95 4.52 
2.03 91 4.21 
1.88 94 4.19 
1.85 4.11 
2.28 4.35 

9 2.31 0.47 4.47 
1.93 0.41 4.11 
2.32 -78 4.54 
2.27 88 4.44 
2.32 0.69 0.111 4.34 
2.31 0.54 0.081 0.88 4.40 

5 2.18 82 4.45 
2.24 90 4.34 
2.35 4.46 
2.31 4.41 
2.35 .87 4.47 
2.38 4.27 
2.41 17 4.33 
2.50 4.37 
2.60 0.80 4.35 
3.43 2.45 4.54 





3.42 2.48 4.30 
3.38 2.43 4.26 
3.29 1.95 4.26 


0.16 4.28 12.0 25.7 

0.83 0.110 0.19 4.26 12.1 21.4 
0.89 4.24 12.1 24.7 

0.74 4.47 12.2 23.2 

0.20 4.33 12.2 25.3 

0.43 4.27 12.3 23.5 

0.77 3.81 12.4 _ 

1.06 4.73 12.5 19.9 

0.16 4.17 12.5 24.4 

2 0.20 4.22 12.8 25.2 
2.33 0.19 4.16 12.9 24.9 
2.23 0.62 0.127 0.16 4.18 12.9 24.0 


1.97 0.97 4.14 13.1 25.8 
2.47 0.19 4.19 13.1 25.6 
1.79 0.53 0.101 1.00 4.21 13.2 23.2 
2.40 0.73 0.102 0.16 4.17 13.2 24.4 
2.39 0.16 4.16 13.3 26.7 
2.38 0.17 4.19 13.3 25.3 
2.34 0.71 0.101 0.29 4.31 13.3 25.6 
5 2.00 0.51 0.103 0.92 13.5 21.5 
1.87 0.97 13.7 _ 
2.25 0.26 4.15 13.7 26.9 
2.42 0.23 4.15 13.8 25.3 
2.08 0.96 4.31 13.8 26.8 
2.33 0.32 4.19 13.9 24.4 
1.97 0.48 0.081 0.83 13.9 24.1 
1.79 0.95 4.19 13.9 _ 


2.31 0.17 14.0 26.7 
2.19 0.66 0.100 0.21 4.08 14.1 26.6 
1.75 0.81 4.13 14.2 25.1 
2.41 0.73 0.099 0.20 4.17 14.2 24.1 
2.28 0.19 4.10 14.2 26.6 
2.27 0.18 4.09 14.3 26.0 
0.16 4.14 14.4 26.0 
0.18 4.09 14.4 25.3 
0.89 3.81 14.4 23.9 
0.90 4.12 6 26.2 
0.21 4.02 6 30.2 
0.23 4.01 4. 28.3 
0.94 4.09 4. 25.2 
0.93 4.02 - 
0.90 4.05 27.3 
0.86 4.14 . - 
: 0.88 3.96 _ 
1.76 0.49 0.083 0.82 3.88 
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of this investigation. In no case was a special melt car- 
ried out and in all cases the melting unit was the 
cupola. In the case of the tensile curves the limiting 
lines have been drawn with an interval of 3 tons/sq in. 
between the upper and lower limits for a given C.E. 
value and for the transverse curves the interval is 6 
tons/sq in. Although these limits encompass over 70 
per cent of the points, a substantial number of points 
fall outside even these wide limits and it is important 
that this wide scatter of results is borne in mind when 
examining Fig. 6 and 11 which plot the average of the 
limiting lines for each size of tensile and transverse test 
bar. Each of these lines should be regarded as the cen- 
ter of a band of uncertainty of +114 tons/sq in. in the 
case of Fig. 6 and of +3 tons/sq in. for Fig. 11. 


Comparison of Results with Those of 
Previous Workers 

Curves of this type for different bar diameters and 
section sizes have been published before by Hanemann 
and Schrader,’ Brinkmann and Tobias,’ Schneidewind 
and McElwee,'! Geist and Hambley,!? and others, 
and it is interesting to observe that the slope of these 
curves is not markedly different from those shown in 
Fig. 6 in the range above C.E. 3.9. 

The figures of Hanemann and Schrader, when recal- 
culated to the C.E. value fall almost entirely within 
the scatter zones found in this investigation and the 
center line of the scatter zone for 30-mm diam tensile 
bars (1.18 in.) given by Brinkmann and Tobias lies 
along the upper limit of the-1.2-in. curve in Fig. 3. 





TABLE 5—2.1-1In. Diam Test Bars IN ORDER OF 
INCREASING TENSILE STRENGTH 





No. Foundry 


BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 


BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 
BB 


38 ~—SOiBB 
39 BB 


ANALYSIS 





>r.c. 


3.27 
3.30 
3.35 
3.29 
3.45 
3.23 
3.26 


3.34 


3.48 
3.31 

$.25 
3.28 
3.30 
3.30 
3.39 
3.31 

3.36 
3.20 
3.37 
3.40 
3.23 
$3.45 
3.46 
3.35 
3.16 
3.51 

3.43 
3.32 
3.40 
3.39 
3.34 
3.40 
3.39 
3.36 
3.22 
3.44 
3.21 


3.47 


Si 


3.12 


2.99 
2.84 
2.94 
3.11 
3.00 
3.10 
3.00 
2.20 
3.20 
1.88 
2.86 
2.94 
2.28 
2.68 
2.87 
2.98 
1.85 
2.31 
2.76 
2.03 
2.18 


2.28 


2.57 
1.93 
2.82 
2.45 
2.73 
2.35 
2.27 
2.31 
2.35 
2.31 
2.34 
2.01 
2.99 
3.30 


3.34 287 


2.27 


Mn 


0.095 


0.082 
0.084 


0.99 
0.90 
0.99 
1.05 
0.90 
1.04 


C.E. 


Value 


Ultimate 
Tensile 
Stress, 

Tons/sq in. 





0.097 


0.077 


0.92 
1.06 
0.94 
1.04 
0.96 
0.86 
0.95 
0.89 
0.88 
0.89 
0.81 
1.03 
0.91 
0.82 
0.81 
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0.081 


0.081 


0.083 


0.95 
0.92 
0.78 
0.87 
0.91 
0.87 
0.88 
0.88 
0.82 
0.94 
0.84 
0.89 
0.90 
1.17 
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1.09 
0.74 


4.66 
4.47 





10 BB 


41 BB 
42 BB 
43 BB 
44 BB 
45 BB 
46 BB 
17 BB 
18 BB 


19 BB 
50 BB 
51 BB 
52 BB 
53 BB 
54 BB 
55 BB 
56 BB 


3.29 
3.22 
3.16 
3.24 
3.28 
3.30 
3.15 
3.17 


3.09 1.97 


1.95 


0.97 


4.26 





1.90 


1.97 
2.11 
1.79 
2.08 
2.00 
1.82 


0.51 0.103 


048 0.081 


0.86 
0.97 
0.89 
0.95 
0.96 
0.92 
0.94 
0.83 


4.14 
4.14 
4.24 
4.19 
1.31 
4.12 
4.09 
4.02 





3.28 1.79 


3.15 
2.87 
3.28 
3.02 
3.ES 
3.28 
3.13 


1.80 
1.92 


1.75 
1.59 
1.87 
1.62 


1.74 


0.53 0.101 


1.00 
0.90 
0.89 


 0.81- 


0.77 
0.97 
0.90 
0.93 


4.21 
4.05 
3.81 
4.13 
3.81 
4.08 
4.12 
4.02 





57 BB 
58 BB 


3.02 
3.11 


1.76 
1.66 


0.49 0.083 


0.82 
0.88 


3.88 
3.96 





The curves of Schneidewind and McElwee for round 
bars have been calculated ignoring the effect of phos- 


phorus( C.E. = T.C. + 


Si 
3 


) but as they are based on 


CARBON EQUIVALENT OF CAST IRON} 


low phosphorus irons (maximum 0.27 per cent) th: 
discrepancy will not exceed 0.1 C.E. These lines fa’! 
within the scatter areas of Fig. 2 and 3 for C.E.’s abov: 
3.9 in the case of 0.875-in. and 1.2-in. bars, but entire] 
outside for the 2.1-in. bars. 

The curves of Geist and Hambley are difficult t» 
compare directly as they appear to have been base:| 
on rectangular bars with varying ratios of width to 
thickness. 

The degree of correspondence between the results 
obtained by different investigators from an empirical] 
formula is sufficiently good to justify the cautious use 
of the carbon equivalent value as a means of assessing 
the properties of an iron. 

Barlow and Lorig! in a survey of 82 results ranging 
from 0.06 to 0.8 per cent P compare the spread of re- 
sults when using different formulae and form the opin- 
ion that the least scatter is obtained using C.E. = 

Si 
T.C. + — and that the introduction of phosphorus 
3 Si + P 
into the formula C.E. = T.C. + actually 
3 
slightly widens the scatter zone and is therefore not 
justified in commercial practice. 

Even if the scatter of results did not immediately 
justify the introduction of the phosphorus correction, 
it appears unwise not to use it in a formula to evaluate 
strength on the basis of the iron carbon eutectic when 
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Fig. 5—Relation between tensile strength and carbon 
equivalent value for 2.1-in. diam bars. 
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EFFECT OF TEST BAR SIZE 
ON TENSILE STRENGTH 
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Fig. 6—General relation for bars of equivalent diam- 
eter between tensile strength and carbon equivalent 
value. Each line in this diagram is the center of a 
band of uncertainty of about +11% tons/sq tn. wide. 
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Fig. 7—Relation between transverse rupture stress and 
carbon equivalent value for 0.6-in. diam bars. 
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Fig. 8—Relation between transverse rupture stress and 
carbon equivalent value for 0.875-in. diam bars. 
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Fig. 9—Relation between transverse rupture stress and 

carbon equivalent value for 1.2-in. diam bars. 


it is well known from commercial blast furnace prac- 
tice that the phosphorus must be allowed for in esti- 
mating the eutectic carbon value of pig iron 

Their conclusions, however, are not borne out in the 
results included here. For example, if the results of 
the 0.875-in. bar are plotted on the formula C.E. = 


Si 

T.C. + — the number of points falling outside the 
3 

band of 3 tons width is nearly doubled, but what is of 





TRANSVERSE STRENGTH 
1.6° DIAM. BAR 


WwW fb 
QD {e) 


Ww 
N 


[o) 
12) 
ISd OOO! 


TONS PER SQ. INCH 
iN) Nn 
& ® 


w 
fe) 


80 
3.5 








— iL 


45 4.0 
C.E. VALUE 


Fig. 10—Relation between transverse rupture stress and 
carbon equivalent value for 1.6-in. diam bars. 
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Fig. 12—Distribution for 0.875-in. diam bars of low, 

medium and high phosphorus irons in the strength/ 

carbon equivalent curve when plotted to the formula 
C.E. = T.C. + Si/3 
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Fig. 1i—General relation for bars of different diameter 
between transverse rupture stress and carbon equiva- 
lent values. Each line in the diagram is the center of a 
band of uncertainty about +3 tons/sq in. in width. 
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medium and high phosphorus irons in the strength/ 
carbon equivalent curve when plotted to the formula 
C.E. = T.C. + (Si + P)/3 
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-reater importance, there is a segregation of low phos- 
phorus irons (<0.5 per cent P) at the upper line of 
he band and high phosphorus (>1.0 per cent P) at 
the lower line, Fig. 12, whereas when phosphorus is 
illowed for in the formula, the distribution from side 
:o side within the band of low, medium and high phos- 
phorus irons is entirely random, Fig. 13. There is, of 
course, a preponderance of low and medium phos- 
phorus irons in the high strength regions in both cases 
as industrial practice usually avoids the use of high 
phosphorus in high tensile irons owing to the increase 
in brittleness. 

Another important reason for the inclusion of phos- 
phorus in the formula is that it does control the chill 
of cast iron to the same extent as “charge” silicon al- 
though it has no special effect when used as a ladle ad- 
dition. 


Section Size and Strength 


From Fig. 6 it is possible to construct a series of 
curves of the likely falling off in strength with section 
increase. This has been done in Fig. 14 for irons 
which meet the 1.2-in. bar grade of British Standard 
Specification 1452/1948. It is important to remember 
that the figures from which the curves were plotted 
were taken from the centers of the sections and not 
from the edges. Section thickness has been included 
with bar diameter in this curve on the assumption that 
the center of a flat plate has the same tensile strength 
as the center of a round bar cast from the same metal 
and whose diameter is twice the thickness of the plate. 
These curves are subject also to considerable uncer- 
tainty and have been shown shaded for this reason. 
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Fig. 14—Falling off of strength with section thickness 
for various irons. 
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Fig. 15—Relation between tensile strength and trans- 
verse rupture stress for bars varying in size from 0.6-in. 
to 1.6-in. in diameter. 


Nevertheless, this form of curve, in spite of its limita- 
tions, is of greater value to the user of castings than 
Fig. 6 as it shows at a glance the likely loss of strength 
with increasing section for a given iron. Curves of 
this type have been published for American standards 
by Winte!* and Eagan'® and a large number from 
other sources were collected by Heller.?* 


Tensile Transverse Ratio 


This relationship is usually regarded as unsatisfac- 
tory and has been said to vary with test bar size. The 
relationship in these tests, however, is surprisingly 
good. There is no evidence that it varies appreciably 
with test bar size within the range determined and 
the bulk of the results fall within a band +3 tons/sq 
in. transverse. It is interesting to observe that the band 
in Fig. 15 fits the points quoted by Schaum'‘® rather 
better than the band shown in his paper. 


Relation Between C.E. and Structure 


The earliest important diagram, by Maurer,’ at- 
tempted to evaluate structure on the asis of the car- 
bon and silicon content. This diagram did clearly 
define the zone in which irons would be fully pearlitic 
over a wide range of sections. It was, however, not 
sufficiently accurate to define clearly the limits of thick- 
ness at which a casting became white or mottled and 
although it is still widely quoted and has been used 
as the basis for almost all subsequent work on the sub- 
ject, it has not found any wide use in the foundry itself. 

A large number of variants of this diagram have 
been published attempting to define structure,in rela- 
tion to carbon, silicon and section size, but few of them 
appear to be of really practical importance. It is inter- 
esting to observe that practically all investigations in 
this field ignore the effect of phosphorus. An interest- 
ing study of previous work and a new diagram was 
published by Laplanche!® in 1948. 

The most interesting of the later diagrams published 





Fig. 16—Type 1, ferrite associated with flake graphite 
in pearlitic matrix. Etched in 4% Picral, 
magnification 100. 


in this connection is that by Sipp,!® who related the Sc 
value (Heyn) with section size and attempted to define 
the boundaries between (1) pearlite and ledeburite, 
(2) pearlite, (3) pearlite and ferrite, on the basis of 
hardness determinations. He took a hardness of 180 
Brinell as marking the boundary between zones 2 and 
3 and of 240 as marking the boundary between zones 
1 and 2. The results were based on special melts and 
a few results quoted from Atlas Metallographicus* and 
no indication of the phosphorus content is given, but 
a range of bar diameters from 10 to 100 mm was exam- 
ined. Sipp is careful to explain that the diagram was 
exploratory and that structure might not strictly follow 
the hardness values. 

The resulting diagram seemed of sufficient interest 
to be investigated in greater detail, using the carbon 
equivalent value corrected for phosphorus which is 
used as the basis of this paper. 

It was decided to determine the diagram on the basis 
of structure and five typical ranges of structure were 
chosen. These are illustrated in Fig. 16 to 20. 

Type I shows ferrite associated with normal flake 
graphite in a pearlitic matrix. 

Type If shows ferrite associated with undercooled 
graphite in a pearlitic matrix. 

Type III is entirely pearlitic. 

Type IVa_ shows the initial formation of carbide in 
conjunction with phosphide eutectic. 

Type IVb shows a more extensive formation of 
carbide. 

Type V_ shows white iron. 

It has been necessary to differentiate between Type I 
and Type II ferrites as the former is usually associated 
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Fig. 17—Type 2, ferrite associated with undercooled 
graphite in pearlitic matrix. Etched in 4% Picral, 
magnification 100. 





Fig. 18—Type 3, completely pearlitic matrix. Etched 
in 4% Picral, magnification 100. 
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with slow and medium cooling rates and the latter 
with high cooling rates. It is fully appreciated that the 
tendency to form one or other of these types of 
graphite-ferrite structure is dependent upon other fac- 


tors as well as cooling rate but under normal condi- 
tions of melting the undercooled variety of graphite 
tends to predominate in thin sections and is quite dis- 
tinct in its formation from that formed in conjunction 
with normal graphite at slower cooling : «ies. 

Type II, which is fully pearlitic, is the structure 
aimed at by the majority of engineering castings re- 
quiring strength, resistance to lubricated wear and 
good machinability. 

Type IVa illustrates the transition from a pearlitic 
iron to a mottled iron. If any phosphide be present, 
free carbide begins to form in conjunction with the 
phosphide eutectic and the margin is a narrow one 
between this stage and that shown in Type IVb, which 
is normally regarded as unmachinable. Type IVa 
would have a hardness in a low phosphorus iron of 
about 240 to 260 Brinell, i.e. about the limit used by 
Sipp. Type IVb would have a hardness in excess of 
280 to 300 Brinell. 

Type V is entirely white. 

The results have been obtained from various sources, 
as detailed in Table 6, and the special list of references 
attached. A total of 186 specimens were examined or 
quoted with analyses in the following range: 

Carbon Equivalent 3.33 -4.89 

Total Carbon 2.55 -3.87 Per Cent 
Silicon 0.9 -4.48 ae 
Manganese 0.33 -1.52 ie, 
Sulphur 0.026-0.177 ” ” 
Phosphorus 0.026-1.64 : 


lhe results are plotted in Fig. 21. Results from pub- 


Fig. 19—Type 4, structures showing the presence of 
free cementite. Etched with 4% Picral, magnification 
100. 19A, Left, and 19B, Right. 





Fig. 20—Type 5, white iron structure etched in 4% 
Picral, magnification 100. 





CARBON EQUIVALENT OF CAST IRONS 


TABLE 6—RELATION BETWEEN SECTION SizE, C.E 
VALUE AND STRUCTURE 





Casting Section, ANALYSIS Brinell ASTM _ Struc- 
Sere ; 7 C.E. Hardness Graphite ture 
Si Mn s P Value Number Size Type* 





In. PELE Pr eS 
Plate’ 
1.2 3.02 0.90 0.58 0.034 0.041 3.33 341 
0.5 3.02 0.90 0.58 0.034 0.041 3.33 415 
0.25 3.02 0.90 0.58 0.034 0.041 3.33 426 
0.125 3.02 0.90 0.58 0.034 0.041 3.33 
2.91 0.90 0.36 3.33 317 
0.5 2.91 0.90 0.36 3.33 457 
2.91 0.90 0.36 3.33 401 
2.91 0.90 0.36 3.33 464 
3.00 0.90 0.070 0.26 3.39 


2.60 2.43 0.088 0.038 3.42 252 
2.72 2.08 ‘ 0.115 0.043 250 
2.90 1.37 , 0.080 0.29 3.4! 231 
2.90 1.37 ) 0.080 0.29 A! 243 
2.70 2.19 0.093 0.073 eS 257 
3.09 0.97 0.12 

2.68 2.28 0.098 0.038 277 
3.15 0.96 . 0.038 0.042 

3.15 0.96 0.038 0.042 

3.15 0.96 0.038 0.042 

3.15 0.96 0.038 0.042 

3.00 1.39 0.039 0.047 

3.00 1.39 . 0.039 0.047 

3.00 1.39 . 0.039 0.047 

3.00 1.39 ; 0.039 0.047 

2.71 2.26 J 0.084 0.039 

2.74 2.21 ‘ 0.097 0.040 
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3.03 1.37 de 0.027 0.026 
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3.10 1.30 56 0.063 0.22 
2.83 2.39 : 0.098 0.050 
3.04 1.60 0.117 0.19 
3.04 1.60 ; 0.117 0.19 
2.89 2.24 , 0.098 0.040 
3.25 1.05 0.070 0.21 
2.86 0.095 0.041 
0.12 
2.60 0.689 0.033 
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3.26 0.03 
1.39 0.79 
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1.39 0.79 
1.36 0.080 0.03 
1.36 0.080 0.03 
1.36 0.080 0.03 
1.36 6 0.080 0.03 
3.26 d 0.03 





2.42 0.30 
2.39 0.30 
2.37 0.30 
1.87 0.78 
1.87 0.78 
1.87 0.78 
2.34 0.30 
1.36 1.18 
1.36 1.18 
1.36 1.18 
1.86 0.90 
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TABLE 6—RELATION BETWEEN SECTION SizE, C.E 
VALUE AND StrRucTURE (Contd.) 





Casting Section, — 
In. C.E. 


Bar Plate TC. Si Mn Value 








Brinell 
Hardness 
Number 


ASTM 
Graphite 
Size 


Struc- 
ture 


Type* 





0.875 ode 1.52 4.03 
0.75 . o ; 4.03 
4.04 
4.05 
4.06 
4.07 
4.07 
4.09 
4.09 
4.09 
4.09 


257 
195 
155 
230 
224 
224 
241 
224 
260 
295 
451 
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TABLE 6—RELATION BETWEEN SECTION Size, C.E 


VALUE AND StructuRE (Contd.) 





Casting Section, 


ANALYSIS 


Brinell ASTM _ Struc 
CE. Hardness Graphite ture 





In. 





Bar Plate Mn 
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Value Number Size Type 
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0.6 0.46 
0.875 . . 0.46 
0.6 a ‘ 0.40 
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*STRUCTURE TYPES 
Type 3—Completely pearlitic 


Type 1—Ferrite present associated with flake graphite 


Type 2—Ferrite present associated with undercooled graphite 


Reference No. 


Key To REFERENCES IN TABLE 6 


Source 


Type 4—Cementite present 


Type 5—White 


Reference No. 


Key to REFERENCES IN TABLE 6 


Source 





1 A. B. Shuck, “A Laboratory Evaluation of Some Automo- 


tive Cast Irons,” Transactions, American Foundry- 
men’s Society, vol. 56, pp. 166-193 (1948). 


Results from tests at B.C.I.R.A. 
J. G. Pearce, “‘The Influence of Size and Section on the 


Strength of Gray Cast Iron,” Proceedings of the Institute 
of British Foundrymen, vol. 22, pp. 535-553 (1928-29). 


Results collected from British foundries. 


“Nickel Cast Iron in Theory and Practice,’ Bureau of 


Information on Nickel, Bulletin, Series B, No. 4, 8 pp. 
(1938). 


G. A. Timmons and V. A. Crosby, “Effect of Poyring Tem- 


perature on the Strength and Microstructure of Gray 
Cast Iron,” Transactions, American Foundrymen’s 


16-19 


Association, vol. 49, pp. 225-252; discussion, pp. 252 
254 (1941). 


. L. Norbury and E. Morgan, “The Effect of Melting 


Conditions on the Microstructure and Mechanical 
Strengths of Gray Cast Irons Containing Various 
Amounts of Carbon and Silicon,’’ Journal of the Iron and 
Steel Institute, vol. 121, pp. 367-386; discussion, etc., 
pp. 387-392 (1930). 


Results collected from British foundries. 
Results from tests at B.C.I.R.A. 
W. W. Braidwood, ‘“‘Cupola-Melted High-Duty Cast Irons,” 


Foundry Trade Journal, vol. 67, May 14, pp. 67-71; 
May 21, pp. 89-94; May 28, pp. 117-120, 123 (1942). 


Results collected from British foundries. 
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Fig. 21—Experimentally determined curve showing the 

relation between section size, carbon equivalent value 

and structure. The structure types are defined in Fig. 
16 to 20, inclusive. 


lished literature have only been used where full details 
are available and are included as some confirmation of 
direct investigation of commercial castings actually ex- 
amined in the routine work of the Association and of 
special melts undertaken to clear up gaps left by the 
data commercially obtainable. The diagram applies 
only to sand castings, without ladle additions, and 
practically the whole of the results are obtained from 
greensand molds. 

The original diagram by Sipp extended to bar diam- 
eters of 4. in., but the present work covers bars only up 
to 1.5 in. in diameter. This limitation has been found 
necessary, as there appear to be considerable anomalies 
in heavy sections which were not apparent in the pre- 
liminary survey, when hardness was used as the index. 

It will be observed that C.E. values have been 
plotted against bar diameters and also against plate 
thickness, the bar diameter quoted being twice the 
corresponding plate thickness. This ratio, also used by 


4.0 
CE. VALUE 


Sipp, strictly speaking, only holds good for the middle 
of an infinitely long bar, and the center of an infin- 
itely large plate of the appropriate thickness. It is 
based on the volume/area ratio which was discussed 
by Bolton? in 1936. Winte!* shows how this ratio 
varies with different bar and plate sizes, but the theo- 
retical ratio between cylinders and plates of 2:1 is 
quoted, since corrections for individual cases can only 
be applied individually. 

An examination of the diagram shows that the three 
main zones can be defined with surprising clarity on 
the basis of the structure type and the carbon equiva- 
lent value. It is, of course, of the utmost importance 
to remember that the lines are really the centers of 
zones of uncertainty and that all the usual sources of 
error apply to these results. Errors in the determina- 
tion of the total carbon, in particular, are of prime 
importance, but in this area of the diagram are not,as 
likely to be so serious as with thicker sections. It should 
be observed that the Type'II ferrite associated with 
undercooled graphite occurs in the fully pearlitic zone 
in thin sections and is quite distinct from that formed 
in conjunction with normal graphite at slower cooling 
rates. 





Use of the Structure Diagram 

Interpretation of the diagram requires some care 
when applied to actual castings; thus, while a C.E. 
value of 4.0 is on the verge of chill in a 0.5-in. bar, the 
edge of a large flat plate 4 in. thick would almost 
certainly be chilled, while the center might still be just 
gray. It is a safe empirical rule to take the cooling rate 
of a free edge in a flat plate to be the same as that of a 
round bar of equal diameter, but the center of a large 
plate will only cool at the same rate as a bar whose 
diameter is twice the thickness of the plate. Similarly, 
the extreme end of a round bar can be assumed to cool 
at the rate of a bar about three-fourths the original 
diameter. 

The area of this diagram up to bar diameter 0.5 in. 
(plate thickness 0.25 in.) is of particular importance 
to the light castings industry where ruling sections of 
3% in. to 5445 in. are common. It will be seen that chill 
is to be expected with C.E. of 4.3 to 4.4 in plate thick- 
ness of 14 in. and with C.E. of 4.0 in plate thickness of 
4 in. In view of the fact that so much of this work is 
flat and with extensive free edges it is customary to 
work with C.E. values of 4.5 to 4.7 to ensure an ade- 
quate margin of safety against chill. It is extremely 
difficult to get a Type III all-pearlitic structure in sec- 
tions below 545 in. even with inoculation, as the Type 
II undercooled graphite-ferrite-pearlite structure al- 
ways tends to predominate. There is some indication 
that a high C.E. of about 4.7 will assist in suppressing 
the undercooled structure in thin sections, particularly 
if it is obtained with high carbon rather than high 
silicon, but this is not usually practicable. Where com- 
plete freedom from undercooled graphite-ferrite is de- 
sired in sections of the order of 4 in., heavy additions 
of a graphitizing inoculant are usually required. 

In the area covered by 0.5-in. to 1.0-in. diameter bars 
(0.25-in. to 0.5-in. section) a fairly clear cut zone can 
be drawn for pearlitic irons. This area is of particular 
interest to the light engineering and automobile cast- 
ings industry. The emphasis here is usually on 
strength, freedom from ferrite for lubricated wear- 
resistance, and freedom from hard spots for machin- 
ability. Here the range of compositions available is 
fairly wide. It is fairly simple to avoid ferrite (Type 
I) by keeping the C.E. below 4.3 to 4.2, and to avoid 
hard spots by keeping the C.E. above 3.8. This is con- 
sistent with normal automobile practice where the 
C.E. usually falls within 3.9 to 4.2. It will be seen that 
a C.E. of 3.55 marks the limit for 1.0-in. bars or 0.5-in. 
section, but this figure is safely applicable only to the 
centers of bars or plates of this section, the extreme 
edges being subject to a much more rapid cooling rate 
than the centers. 

End and edge effects are becoming less critical in the 
zone 1.0-in. to 1.5-in. bar (0.5-in. to 0.75-in. plate) as 
the pearlite limits are approaching the vertical, par- 
ticularly on the ferrite line. A C.E. of 3.6 can be safely 
employed where free edges are beaded up to about 0.8- 
in. to 0.9-in. diameter, but for free edges of 0.75 in. in 
thickness the safe limit is 3.7 to 3.8. 

The use of Fig. 6 and 21 makes clear the difficulty in 
specifying high strength irons for castings including 
thin and thick sections. For example, a casting | in. in 
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thickness but with a wide flange 3% in. thick if specifie 1 
in metal giving 18 tons per sq in. for a 1.2-in. ber 
would be likely to require a C.E. value of 3.8. Such ao 
iron would almost certainly run mottled at the edge of 
the flanges unless inoculation were employed. 


Rate of Cooling 


The practical value of both the strength and struc- 
ture relationships has been amply verified in the gen- 
eral experience of the Association, but this should not 
obscure the essentially empirical nature of the results. 

Both strength and structure relationships depend 
upon the normal commercially available sands and 
irons. The use of molding materials with substantially 
different heat transfer coefficients would materially 
alter the positions of the curves. At the same time, the 
variation in cooling rate is not merely a function of 
geometry depending entirely upon the volume and 
area of the casting, but must also include the heat 
capacity of the surrounding sand relative to that of the 
molten metal enclosed. 

The volume area ratio presumes a constant removal 
of heat, dependent only upon the surface area and this 
is a sufficiently accurate approximation for castings up 
to about 1.5 in. in diameter or 3% in. in section. With 
heavier sections, however, due to the gveatly increased 
volume of sand which is heated beiore the casting so- 
lidifies, the rate of cooling becomes progressively 
slower than would be indicated by the volume /area 
ratio. 

The basic structure of a cast iron is determined at 
the period of solidification, so that one would expect 
the first-formed skin which has solidified directly in 
contact with relatively cool sand to have markedly dif- 
ferent characteristics from the center in which solidifi- 
cation will have been further retarded by the addition 
of a further thickness of heated sand to the surface of 
the casting. 

Diagrams shqwing the edge and center effect have 
been published many times, notably by MacPherran,”! 
who shows the effect for round bars up to 4-in. diam, 
and Schaum,'* who in a 3-in. square bar shows the 
marked difference in tensile between specimens cut 
from the corners (15.3 tons per sq in.) and specimens 
cut from the center (12 tons per sq in.). In this case 
the volume/area ratio for the entire bar, applicable to 
the center section, is equivalent to that of a 3-in. round 
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Fig. 22—Positions of tensile specimens taken from 3-in. 
square test bar. 
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bir, but the volume/area ratio calculated for the cor- 
n rs (1 in. square) , ignoring the faces adjacent to the 
rcmainder of the bar, is equivalent to that of a 2-in. 
round bar and progressively decreases as smaller units 
are taken, with the implication that strength of speci- 
mens would increase progressively as they are taken 
nearer to the corner until this actually solidifies white. 
This process cannot actually be carried to its logical 
conclusion at the extreme tip owing to the effect of the 
heated layer of sand. In actual practice the strength in- 
creases progressively up to about 4 in. to | in. of the 
edge—depending on the section—and then remains 
substantially constant until the edge is reached. 

For example a similar test to that of Schaum gave 
the following results (Fig. 22) : 


Bar Size: 3 in. square x 16 in. long 
Analysis: Total Carbon 3.35 per cent 
Silicon 1.15 
Manganese 0.62 ” 
Sulphur 0.04 
Phosphorus 0.026 ” 
C.E. 3.74 
l-in. x l-in. 4-in. x Y%-in. Y-in. x Y4-in 
Corner Corner 


0.226 0.173 0.177 





Position of 
Specimen Center Corner 


Diameter of 0.564 0.798 0.399 
Specimen, in. 
Tensile, 13.2 14.9 15.3 15.0 15.0 15.5 
Tons/sq in. 

3000/0 171 182 
Brinell J 750/5 193 

120/2 ‘ 194 194 199 








These figures illustrate that the progressive increase 
in strength does not continue right up to the corner. 

Although this effect is well enough known, it is 
quoted here again to emphasize the difference in cool- 
ing rates which occur even in compact sections. The 
figures show clearly the heterogeneity of mechanical 
properties in a compact bar of cast iron and illustrate 
one of the reasons for lack of agreement between differ- 
ent workers when using heavy sections. 

The effect of molding material upon cooling rate 
was recognized by Brinkmann and Tobias* who added 
a correction of 0.13 C.E. (0.03 Sc) to metal made in 
drysand molds to bring them into line with greensand 
molds. While this correction may apply for bars of 
small diameter up to, say, 1.2-in. to 1.6-in diameter, 
the effect is probably negligible in larger sizes as the 
surface sand will have dried out and baked before sur- 
face solidification occurs. 

No corrections of this sort have been attempted in 
this paper, particularly as the figures employed would 
probably vary with test bar size. Nevertheless, in thin 
sections the effect is probably perceptible. The effect 
of heating the mold is, of course, well established in 
the Lanz Perlit process and depends directly upon the 
shift of the structure curves with reduction of heat 
transfer characteristic of the mold. 


Conclusions 


The relation between carbon equivalent value 
Si + P 


(CE. = T.C. + ) , strength and structure for 


uninoculated unalloyed cast irons in various section 
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sizes has been shown to have sufficient validity to be of 
use to the ironfounder. 

2. From Fig. 6 and 11 it is possible to calculate the 
range of analysis likely to produce a required strength 
in various test bar sizes. It is important to remember 
that the lines are the centers of bands of uncertainty 
approximately + 114 tons/sq in. in width for tensile 
strength and +3 tons/sq in. for transverse strength. 
Cast iron specifications usually call for minimum fig- 
ures so that the C.E. values required will be Slightly 
lower than those shown in the figures. 

3. Figure 14 which has been constructed from Fig. 
6 and 11, shows curves of the likely falling off of 
strength with section. Similarly, Fig. 15 shows the rela- 
tion between tensile and transverse strengths. There 
is no evidence in these figures to show that the tensile- 
transverse relationship varies appreciably with bar 
diameters from 0.6 in. to 1.6 in. 

4. It is possible to estimate from Fig. 21 the likely 
minimum thickness that can be used without produc- 
ing chill, and the likely maximum thickness beyond 
which ferrite is formed, for any given composition. 
Thus, for any given casting section, the range of com- 
position can be estimated to give a soft, freely machin- 
able material containing ferrite, a strong, machinable, 
fully pearlitic iron having good lubricated wear resist- 
ance or a mottled or white unmachinable material. 

5. These relationships are shown to depend upon 
definite cooling characteristics of the mold material 
and any major change in these characteristics will affect 
the position of the lines in both strength and structure 
diagrams. 
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| DISCUSSION 


Chairman: T. E. EaGan, Cooper-Bessemer Corp., Grove City, 
Pa. 

Co-Chairman: R. SCHNEIDEWIND, University of Michigan, Ann 
Arbor. 

J. T. MacKenzie:' There apparently is an enormous amount 
of data in this paper. I think it really is worthy of a statistical 
study and I hope to submit a discussion in that form at a later 
date. The carbon equivalent that the authors have used plays 
tricks on you in some of the ways that they have plotted it. For 
instance, the ratio of transverse strength to tensile strength varies 
quite considerably with the phosphorus. You get a better ratio 
of transverse to tensile on low phosphorus than you do on high- 
phosphorus irons. 

My C.E. factor has long been 0.3, and I got it the hard way, 
by making centrifugal pipe. I have made centrifugal pipe in 
Birmingham with 0.05 per cent phosphorus to 2 per cent phos- 
phorus. I have worked in a German foundry where we ran one 
mixture of 1.4 per cent phosphorus and another mixture of 1.8 
per cent phosphorus. I have been closely associated with an 
English foundry that commonly runs about 1.20 to 1.40 per cent 
phosphorus, and if you step the least bit over the eutectic in the 
sand-cast centrifugal, you get what we call “alligators,” big scales 
on the inside of the pipe. So it was really in the shop practice 
that I worked out the 0.3 (Si and P). From the point of fluid- 


' Technical- Director, American Cast Iron Pipe Co., Birmingham, Ala. 
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ity, that is very good, and from the normal point of view of 
strength, it works fairly well, so long as you do not vary ‘he 
phosphorus too much. But the phosphorus has an embrittl ng 
effect beyond its effect on the degree of saturation. 

Another thing, you can not use that ratio for chilling t:n- 
dency. The tendency to chill seems to be much nearer a fu ic- 
tion of the carbon plus silicon, disregarding the phosphorus 

Dr. ANGus (Authors’ Written Reply to Dr. MacKenzie): ir. 
MacKenzie has quite rightly emphasized the point which we 
have made in the paper that the C.E. value is an empirical rcla- 
tionship whose value must not be stretched too far. It is rather 
important to remember that the paper deals almost entirely 
with cupola-melted irons and solely with sand castings and ‘he 
results quoted cannot, therefore be directly applied to some 
alternative method of casting production where the mechanism 
of heat loss may be markedly different. At the same time, 
widely different methods of melting may also affect strength and 
structure through the influence of superheat, degree of oxida- 
tion, etc. 

In the case of centrifugal pipes the metal spun process ob- 
viously produces a very different temperature gradient than 
would be expected in a similar section of a sand casting and 
even with the sand spun process the conditions are not quite 
comparable. The results quoted in the paper certainly should 
not be directly applied to centrifugal work without some further 
investigation. This may be the reason why Dr. MacKenzie has 
found that the tendency to chill is much more nearly a function 
of carbon plus silicon, disregarding the phosphorus. In the case 
of ordinary sand castings the effect of phosphorus upon chill is 
as marked as that of “charge” silicon provided the carbon con- 
tent remains the same in both cases. On the other hand, as a 
late graphitizing addition phosphorus has comparatively little 
effect compared with silicon. We do not think that these points 
have been clearly established before. 

Although from the curves it is apparent that fairly high ten- 
sile strengths are obtainable with high phosphorus irons, the 
effect of phosphorus in reducing shock resistance referred to by 
Dr. MacKenzie must not be ignored and reference has actually 
been made to it in the text, but where brittleness is of little im- 
portance and resistance to wear or corrosion becomes important, 
then an increase in phosphorus content is likely to be beneficial. 
These considerations, however, are practically unrelated to the 
carbon equivalent value. 

The curve showing the relation between transverse rupture 
stress and tensile was included for rough comparison purposes 
but in general routine testing according to the published infor- 
mation, the scatter is often very much wider than has been 
found here. In all probability this is due to the presence of sur- 
face casting irregularities in the as-cast transverse test bar. The 
relationship is of value only when it is desired to infer the 
transverse strength from a single tensile test and the results of 
such a conversion must, therefore, be treated with considerable 
caution. It is almost impossible to estimate accurately the likely 
deflection in a transverse test, particularly with bars of different 
phosphorus content. 

It cannot be too strongly emphasized that relationships like 
the C.E. value must be used with considerable discretion, and a 
knowledge of the other factors which may affect the function of 
a casting is essential. Provided, however, the limitations are 
clearly understood, the C.E. value does provide a yardstick by 
which some of the properties of straight cast irons falling within 
the given analytical range may be directly compared. 
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PROBLEMS IN BRONZE FOUNDRY PRACTICE 


Austen J. Smith* 


MUCH ATTENTION has recently been centered on 
the possibility of achieving sound castings of the 
brass and bronze alloys through application of sound 
scientific principles to the melting and gating pro- 
cedures. Many of the problems became evident dur- 
ing the war when virtually all foundry products were 
manufactured to government specifications, with which 
many foundries had had no previous experience. As 
a consequence, research in the bronze foundry was 
actively advanced. 

Many recent papers published in England have 
shown that the problems have been the same on both 
sides of the ocean. The British publications have been 
most eagerly awaited in the United States and the 
names of a number of the British workers are almost 
as familiar to the members of the American Foundry- 
men’s Society as they are to the members of the In- 
stitute of British Foundrymen. 

Rather than to present, as an Exchange Paper, a 
report on original research on bronze foundry prac- 
tice, it seems more desirable to review some of the 
problems for which foundrymen do not yet have an 
answer, and to touch on some of the work now in 
progress in the United States. 

Although Finch, in a most stimulating paper’ be- 
fore this Institute two years ago, described the process 
of the freezing cf castings, a somewhat different point 
of view makes it desirable to reconsider the whole cast- 
ing process and to discuss some of the factors affecting 
the final product. 

To get some idea of certain factors that affect the 
freezing process, it will be well to describe a simple 
experiment. The ideas brought forth are not entirely 
new. Something of the same substance was presented 
by Finch! and Frear?. 


Freezing Process Mechanism 


A series of cylindrical blocks 41% in. long and nom- 
inally 2-in. diameter, both with a generous taper, were 
molded in green sand with the larger end up and open 
to the air. Castings were poured at different tempera- 
tures down to a temperature near that of initial solidi- 
fication. Pouring was rapid, so that the temperature 
in the mold at the end of pouring was little below the 
actual pouring temperature. 


* Head, Metallurgical Engineering, School of Engineering, 
Department of Chemical and Metallurgical Engineering, Michi- 
gan State College, East Lansing, Michigan. 


Twenty-eighth annual official exchange paper from A.F.S. to 
L.B.F. presented at the 46th Annual Meeting of the Institute of 
British Foundrymen at Cheltenham Spa, England, June 14-17, 
1949. 
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The alloy used was “steam” bronze of the nominal 
composition 6 per cent Sn, 3.5 per cent Zn, 1.5 per 
cent Pb, balance Cu. The resulting castings were split 
down the center and etched. In Figs. 1 to 5 the etched 
sections are shown sketched schematically, salient fea- 
tures being brought out more readily by sketching 
than by photography. 

Pouring temperatures from 2400 F (1315 C) down 
to 2000 F (1093 C) at 100 F intervals are shown. With 
a pouring temperature of 1950 F (1065 C) a grain size 
of some 1/16-in. diameter was obtained, and at 1900 F 
the grain was too fine even to estimate by visual in- 
spection. Initial solidification in this alloy occurs ‘at 
about 1870 F (1021 C). The block poured at 1900 F 
(1037 C) showed a general over-all shrinkage and the 
top was filled with blow holes, indicating that freezing 
took place too rapidly to permit the escape of gases 
entrapped in the metal. 

Freezing commences at points in the liquid, that is, 
at nuclei, which may be particles of foreign matter or 
may be associations of two or more atoms brought 
about through temperature change alone. As freezing 
progresses, growth from the nuclei will proceed in the 
direction away from which heat is being abstracted, 
but still along definite crystallographic axes. 

There is a limiting angle, as yet not determined, 
which the preferred axial direction may make with 
the cooling direction and beyond which growth will 
not occur. This limiting angle is, of course, modified 
by adjacent freezing crystals. Were there to be but a 
very slight temperature gradient the crystals would 
tend to grow in all directions from the nuclei as cool- 
ing progresses, the final shape of the grains being 
determined by interference from adjacent growing 
crystals. 

As the temperature gradient becomes greater the 
growth becomes more unidirectional. Superimposed 
on this effect is the temperature over which both solid 
and liquid can coexist—the freezing range. A narrow 
freezing range accentuates the effect of temperature 
gradient, a long “mushy” range rather obliterates it. 

When molten metal is poured into a mold the metal 
in contact with the surface of the mold will form 
nuclei at a very high rate, for the metal will be quickly 
cooled below its freezing point. Many of these centers 
of crystallization will be unfavorably oriented for 
growth to proceed; others will be in a more favorable 
position and growth will proceed until interfered with 
by the growth from those centers which are highly 
favorable in their orientation. 

Hence, at the surface of a casting there is a thin 
layer of fine grained material with almost complete 
random orientation. This as-cast surface rarely leaks 
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unless unsoundness is very great. Leakage often be- 


comes apparent only after this layer has been ma- 
chined away. The layer has been sketched in Fig. 1 
(much grosser than it actually exists), but it is present 
in all castings with the exception of those whose mass 
is so great with respect to the cooling velocity that the 
surface layer is remelted. 


Pouring Temperature Effect 

If the metal be poured hot, the metal remaining at 
the center after this initial surface crystallization will 
still be too far above the melting point to form new 
crystallization centers. As a consequence, freezing 
metal will build up on the surface crystals which are 
favorably oriented for growth, and the product will 
be a dendritic structure, the dendrites in many in- 
stances growing toward the center until stopped only 
by dendrites growing from the opposite surface. This 
is illustrated in Fig. 1. 

If feeding cannot wholly replace the solidification 
contraction with this freezing pattern, centerline 
shrinkage results. Since centerline shrinkage is not 
often of serious consequence in the copper-base alloys 
it will not be considered further here. 


Fig. 1—2400 F (1315 C). Fig. 2—2300 F (1260 C). 
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Figs. 1-5—Sketches show- 
ing the crystal structure 
of bronze blocks cast at 
temperatures from 2400 
to 2000 F (1315 to 
1093 C) at 100 F (55 C) 
intervals. In the original 
work intervals of 50 F 
were employed, but the 
pattern is well repre- 
sented at the 100 F inter- 
vals sketched here. 
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As the pouring temperature is lowered the met: | 
at the center drops into the nucleation temperatuie 
range su that new points of crystallization are forme | 
at the center even while dendrites are growing inwar | 
from the surface. As the dendrites approach the cent: r 
they will be checked from further growth by these nev 
grains, which will be more or less equiaxed. This condi- 
tion appears first in Fig. 2, and is quite pronounced 
in Fig. 4, sketched from a casting poured at 2100 F. 

Finally, at 2000 F (1093 C) nucleation at the center 
is far too rapid for dendritic growth to take place, 
and the entire block takes on an equiaxed structure 
except for a few small dendrites. With still more rapid 
nucleation resulting from yet lower pouring tempera- 
tures, the size of the equiaxed grains becomes reduced 
and there is a complete disappearance of any signifi- 
cant dendritic growth. 

Nucleation at the center can be pronounced only in 
alloys with a freezing range since such alloys may form 
nuclei over a range of temperatures permitting freez- 
ing to take place at a number of centers at once. In a 
pure metal such as pure copper, the invariable freezing 
habit is dendritic down to the point where the metal 
can no longer be poured, for, with no freezing range, 
any temperature gradient is significant, and the gradi- 
ent can only be from the surface inward. 

As indicated in this first experiment, for ailoys with 
a mushy range a fairly steep temperature gradient is 
required for dendritic growth, i.e., a marked difference 
in temperature from the surface of the casting to the 
center. If the difference be less than a certain amount, 
equiaxed grains may grow in the center. The mold 
surface produces a marked chilling effect on the first 
metal coming in contact with it. 


Application to Feeding 

If the mold is heated greatly, as by a large mass of 
metal taking a considerable time to freeze, the effect 
of a steep temperature gradient is lost regardless of 
the pouring temperature. Thus, in alloys with a mushy 
range, there would appear to be a limiting sectional 
size beyond which it would not be possible to have 
a wholly dendritic structure regardless of pouring 
temperature. Also, with thinner sections there would 


Fig. 4—2100 F (1148 C). Fig. 5—2000 F (1093 C). 
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be a lower limit below which equiaxed grains would 
be unable to form, no matter how low the pouring 
temperature. 

The mode of structural growth is very important 
in the feeding of castings. The gradients required to 
produce the two different types are susceptible of 
measurement and, while they will be different for 
different alloys, they should offer excellent correlative 
possibilities. Factors affecting the operation of tem- 
perature gradients over and above the temperatures 
of metal and mold at pouring include, among others, 
rate of heat transference between metal and mold, heat 
conductivities, and specific heats. 

Many attempts have been made to study gating 
practices from the theory of heat transference alone. 
A recent endeavor in this direction was that of Faber 
and Doll®. However, such evaluation is only a part 
of the problem, although an important part. Work 
is also being carried on in making direct measure- 
ments of heat transference from metal to mold, as well 
as studies that are being carried on by the electrical 
analogy method. 

The work now being carried on at Columbia Uni- 
versity under the sponsorship of the American 
Foundrymen’s Society Heat Transfer Committee is 
expected to make an important contribution to this 
subject. Their reports have appeared regularly in the 
Transactions of the Society*. The use of the ratio 
of volume to surface area by many foundrymen is a 
somewhat less rigorous attempt in the same direction. 


Contraction Characteristics 


With few exceptions metals continuously contract 
when the temperature falls from the pouring tempera- 
ture to room temperature. The contraction is not uni- 
form, but is different for each phase. Further, a 
separate discontinuous contraction is shown for each 
phase change with falling temperature. Thus, with 
the normal solid-solution alloy cooling from the 
molten state there is shown liquid contraction, solidi- 
fication contraction, and solid contraction. 

Some reasonably good measurements have been 
made of liquid contraction; for the brass and bronze 
alloys the work of Sager and Ash® at the National 
Bureau of Standards a number of years ago still 
appears to be quite reliable. Solid contraction is 
simply a restatement of the familiar thermal coefficient 
of expansion. 

Solidification contraction is much less easily defined. 
If the alloy freezes over a range of temperatures, then 
all three varieties of contraction will be taking place 
simultaneously, for liquid and solid will both be 
present and also liquid in the process of transform- 
ing to solid. 

Measurements of this grouped “solidification” con- 
traction have been made for a number of alloys, for 
the copper-base alloys also by Sager and Ash‘. Little 
recent work has appeared on such measurements for 
these alloys. The measurements that have been made 
are restricted to the conditions of the experiment, 
since cooling rates govern the composition of phases 
as they pass through a transformation range and hence 
affect also the contraction characteristics. 

This is particularly true in freezing processes be- 
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cause of segregation effects, which at times may be 
extreme. However, the measurements are useful as 
a first approximation. In the study of risering practice 
it is not possible to measure the behavior under con- 
ditions of true equilibrium, since such conditions are 
virtually impossible of attainment. With sufficient 
data taken under controlled experiment it should be 
possible to extrapolate to conditions of equilibrium 
which would make the ideal reference point. In the 
author’s knowledge, no work of this type has been 
attempted. 

Little is known of the dependence of the observed 
contraction characteristics on cooling rates. An evalua- 
tion would call for knowledge of the segregation be- 
havior and of the phase equilibria of the alloys in 
question. With the gathering of this knowledge there 
again should be excellent possibilities for correlation. 


Feeding Castings 


At this point it will be of interest to consider the 
problems involved in the production oi a sound cast- 
ing. The blocks described earlier may be thought of 
as analogous to risers on regularly gated castings. In 
order to fulfill the purpose when used as a feeding 
head, the riser must remain molten as long as the 
casting is above the temperature of final solidification. 
As the casting solidifies contraction takes place and 
the resulting voids must be filled with molten metal 
from the riser. Obviously, feeding cannot take place 
if the riser, or the gate between riser and casting, is 
not sufficiently molten to permit flow. 

Without inquiring further into the mechanics of 
flow, a difference of temperature is required between 
casting and riser to permit flow to continue until the 
casting has solidified. As is well understood, the riser 
as a feeding head is fulfilling a twofold purpose—it is 
providing liquid metal to offset the shrinkage taking 
place in the casting and is establishing a local region 
of high temperature in the casting to promote direc- 
tional solidification so that the metal can be fed. 

Frear? has conceived of a block-like growth of the 
dendrites, the blocky nature of the growth making 
feeding exceedingly difficult. On the other hand, if 
nucleation takes place in the central portion of a riser 
from inadequate temperature it can readily be con- 
ceived that such associations of atoms could greatly 
interfere with metal flow, preventing the riser from 
acting effectively. 

Practical observation of the author has been that if 
sectioned feeding heads show large equiaxed regions, 
little feeding will have taken place. The provision of 
such risers with hotter metal—indicated by a more 
fully dendritic structure—has usually been effective in 
avoiding unsoundness in the casting. 

The same reasoning applies to the casting itself. 
A casting showing considerable equiaxed structure 
adjacent to the feeding head will be fed only with 
difficulty, regardless of the inherent ability of thé 
head to feed. As previously indicated, in heavy sec- 
tions the effect of temperature gradient is small and 
an equiaxed structure is to be expected. Such castings 
are difficult to cast soundly, and the normal procedure 
is to cast as cold as possible in order to keep contrac- 
tion to a minimum. With such practice little feeding 
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takes place from risers, the risers functioning almost 
solely as heat reservoirs. 

Schwartz® went into the current theory of solidifica- 
tion quite thoroughly, and his paper is instructive in 
studying practical problems arising in the foundry. 


External Influences 


The problems discussed thus far have been con- 
cerned only with the physical behavior of solidifying 
metal, assuming the metal, as it lies in the pot before 
pouring, to be in an ideal condition for producing 
a sound casting. These problems are complex and, 
unfortunately, in a study of them it is exceedingly 
difficult to control the other variables that enter into, 
yet are not a part of, the freezing process. Gas, what- 
ever the source, is the principle offender, and has long 
been a subject of discussion among foundrymen. 

Of the gases, hydrogen appears to be the worst 
offender, in both ferrous and non-ferrous metals. 
A relatively high solubility in the molten state and low 
solubility in the solid state means that large volumes 
of gas may be rejected in the freezing range in melts 
which have been exposed to adverse atmospheres. 
Hydrogen, either as the element or combined, is pres- 
ent in copious quantities in melting atmospheres pro- 
vided by gas and liquid fuels. With electric melting 
water vapor in the air can be disassociated at melting 
temperatures by carbon or carbon monoxide from 
crucible or lining materials, coke covers, etc., yielding 
free hydrogen. 

Carbon monoxide has been strongly suspected in 
the past of being a cause of porosity. Current opinion 
seems to be that the carbon monoxide—water vapor 
reaction, which produces hydrogen, is responsible. 
The industry is indebted to Pearson and Baker’ for 
clarifying this point. 

Under, the auspices of the Non-Ferrous Ingot Metal 
Institute, Eastwood and Kura® carried on rather ex- 
tensive research on alloy 85-5-5-5. The work was cen- 
tered chiefly about evaluating the test bars currently 
used in the United States and abroad. The inade- 
quancies of the test specimens led the research into 
paths not anticipated at the start. The question that 
presented itself to the reader was not so much the 
inadquency of the test specimen but whether it is 
possible from present knowledge to design any casting 
which would be representative of the metal in the 
pot as the mold is poured. 


Test Specimen Properties Differ 


As is well known to foundrymen, a wide scatter 
results in pouring successive test specimens from the 
same pot of metal into supposedly identical molds. 
This scatter is normally attributed to faulty selection 
of test-specimen design. A point often overlooked is 
that there is just as much scatter in quality of castings 
made from the same heat and for the same reasons. 
Eastwood's suggestion of a larger number of test speci- 
mens per heat, although not economically feasible, 
would give a truer picture of the total lot of castings 
made from a heat than does the single test specimen. 

The quality of the metal as indicated by the test 
specimen is usually considered as a measure of the 
degree of gassing of the melt. Badly gassed metal will 
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show up in almost any test specimen cast under norma 
foundry conditions The gassing to be considered i 
generally taken for granted to be hydrogen. Obviously 
the rejection of gas in the dendrites in the freezin; 
range will interfere with feeding mechanisms, result 
ing in unsoundness and lower density in the casting 

In most of the work that has been carried out the 
effect of gas rejection has been considered only with 
respect to solubility at atmospheric conditions. How 
ever, in gas-free metal a virtual vacuum should exist 
in the voids opened up by simple freezing contraction. 
The Williams atmospheric riser postulates such low 
pressures and the effectiveness of the riser, especially 
for steel castings, gives excelient proof of this. 

Inasmuch as gas solubility decreases with decreasing 
pressure in accordance with Sievert’s rule, the gas dis- 
solved in metal adjacent to voids developed through 
this freezing contraction will be rejected to a much 
higher degree than anticipated from knowledge of the 
solubility at atmospheric pressure. It must be con- 
cluded that any confined void developed through freez- 
ing contraction will contain rejected gas. The gas 
pressure will diminish with lowering gas contents of 
the melt, but will not be absent except in metal which 
is absolutely gas free. 


Gas Determination Methods Needed 


In line with the foregoing reasoning, zinc in the 
brasses and zinc-bearing bronzes can be assumed to 
vaporize into the voids at the low pressures involved, 


thus contributing a certain microsegregation to the 
alloys. 

The question that arises is whether this rejected gas 
(or vapor) can be redissolved with sufficient rapidity 
to permit complete feeding to take place. The author, 
from observation of many bronze microsamples, doubts 
the probability of such resolution. In all the samples 


The heat and mass flow analyzer in the A.F.S. Heat 
Transfer Project is expected to aid in brass and bronze 
feeding problems as well as those in other metals. 
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examined, none has been found completely free from 
shrinkage of the sort variously known as incipient 
shrinkage or microshrinkage. 

Included in the examination were-the occasional 
lest specimens showing exceedingly high phvsical pro- 
perties. To the author this is one of the reasons why 


A simple fracture test being developed on the Brass 
and Bronze Research Project will indicate melt quality 
in induction furnaces (above) and all other furnaces. 


the as-cast properties never quite equal the properties 
of the same materials after being worked and annealed. 

A major problem confronting metallurgists and 
foundrymen is that no good method has been de- 
veloped for determining gas contents, either of a melt 
or of a casting of the copper-base alloys. Thus far the 
only study that it has been possible to make of the 
effects of the gases has been by subjecting melts to the 
atmosphere of interest and assuming full solution, 
whatever the solubility may be. Development of an 
analytical procedure would be of the greatest value 
in studying these problems. 


Effects of Lead 


In the work of Eastwood and Kura® attention was 
directed to lead distribution in the leaded bronzes, and 
an attempt was made to determine a factor governing 
the effects of lead on physical properties. Especially 
through the relatively new technique of microradio- 
graphy, a great difference was found both in the size 
and distribution of the lead particles from melt to 
melt, and physical properties suffered rather markedly 
with adverse lead distribution. Further work on this 
problem is awaited with interest. 

In 1931 Doughty? called attention to pinhole forma- 
tion adjacent to cores in the bearing bronzes. As a 
result of various experiments, he attributed the pin- 
hole formation to reaction of lead oxide in the metal 
with core binders. Such possibility was not touched 
on by Eastwood and Kura, although test specimens of 
excellent properties were produced, regardless of melt- 
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ing atmosphere, by pouring into molds baked at high 
temperatures. 

Although Doughty® was concerned only with alloys 
containing 10 per cent or more of lead, and zinc addi- 
tions aided the elimination of the pinhole defect, 
alloys of the 85-5-5-5 type commonly develop pinholes 
when cast in sands high in cereal binder. Since pin- 
hole formation from this cause is not prevalent in the 
low lead (under 2 per cent) or lead-free bronzes (pin- 
holes, of course, may arise from other causes), but be- 
comes so as the lead content increases, it would appear 
that Doughty’s reasoning can be extended to the 5 
per cent lead alloys. 

The role of lead is peculiar and, until Eastwood's 
work, little attention, according to published litera- 
ture, has been paid to lead since Doughty’s observa- 
tions were made. Much further work is needed in 
this direction. 


Melt Quality Defined 

In the research work that has appeared, properties 
of castings have been predicated on an arbitrary “melt- 
quality.” As generally implied, high melt-quality de- 
fines melts which are so low in deleterious gases and 
other impurities that the metal, as it is poured from 
the pot, is capable of producing superior castings if 
the molding sand and gating technique be correct. 

This melt-quality is ordinarily measured by the 
properties shown in test specimens cast from the melt. 
As previously pointed out, inadequancies of the test 
specimens as a measure of melt-quality make for 
rather poor definition of this quality. Furthermore, 
a test specimen yields only a post-mortem measure 
of the quality of a heat, whether good or bad. 

To overcome this a research project is now in pro- 
gress at the University of Michigan, under the sponsor- 
ship of the Brass and Bronze Research Committee of 
the American Foundrymen’s Society, for the develop- 
ment of a fracture test. By correlation of a fracture 
examination test with the properties of a physical test 
specimen from the same heat, it is hoped that a useful 
test can be developed which can be quickly performed 
and thus show the melt quality of a heat before the 
heat is poured. é 

Such a test would be of the greatest value to the 
bronze foundryman in the avoidance of rejects from 
melts which have gone off the track. This project has 
only recently been initiated and, although it is a 
difficult task, it is earnestly hoped that a useful test 
procedure will result. 

Another cause for rejection of castings is included 
in that general term used by all foundrymen, “dirt.” 
Dirty castings may result from a variety of causes. 
Here it is proposed to touch on only that variety which 
results from entrapped dross. 

At normal pouring temperatures virtually all alloys 
oxidize readily in contact with the air. In most alloys 
the formation of an oxide skin is protection against 
further oxidation. If it is possible to form and keep 
intact a single oxide layer, clean castings will result 
(if other conditions are correct). In the usual running 
of a mold turbulence of the metal stream will cause 
breaking up of the first oxide layer and present fresh 
metal to be oxidized. 

Thus, it is possible for large amounts of metallic 
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oxide to be entrapped in the casting; such castings 
are described as “dirty.” All castings are susceptible 
to this type of defect, but in alloys which form refrac- 
tory oxides of a density near that of the alloy such 
defects may become a serious cause of rejection. The 
aluminium bronzes produce clean castings only with 
the greatest of care because of the formation of the 
highly refractory aluminium oxide. 

By avoiding turbulence and maintaining a stream- 
line flow, the first-formed oxide skin will not break 
away to expose fresh metal, and this technique is an 
objective in sound gating practice. The mechanics 
of flow in bronze casting have been studied extensively 
at the Naval Research Laboratory, and a report on 
this work has been made by Robertson and Hardy?®. 
The theory of turbulent and streamlined flow has been 
carefully considered and experiments have been per- 
formed to test the application of the theory. The 
underlying principles developed by Robertson and 
Hardy are a noteworthy advance and show the way 
for a great deal of valuable experimentation. 


Conclusion 


It has been the intention in the present paper to 
review the mechanics of solidification of the brass and 
bronze alloys and to touch on a few of the factors 
that interfere with normal solidification processes. 
Recent American investigations on these factors have 
been discussed, not from the standpoint of a critical 
review but more to indicate the present state of knowl- 
edge. There is no room for opinion in science. How- 
ever, factual data have been neither presented nor dis- 
cussed. The writer has endeavored to point out what 
is not known rather than what is known, in the sincere 
hope that someone, whether research worker or prac- 
tical foundryman, will be inspired to follow up that 
spark of an idea which will help advance the foundry 
art to a true science. 
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GRAPHITIZATION OF GRAY CAST IRON 
BY HEAT TREATMENT 


By 


A. W. Silvester* 


ABSTRACT 


This paper describes the detailed study of two gray cast irons 
which were subjected to heat treatments of various temperatures 
and times. The object of the investigation was to determine the 
time which the combined carbon took to decompose at various 
temperatures, and to compare the graphitization rate of a cast 
iron of medium silicon content with a cast iron of high silicon 


content. 


THE ORIGINAL THOUGHT WHICH PROMPTED this 
investigation into the hows and whys of the decomposi- 
tion of the combined carbon in a gray cast iron resulted 
from the heat treatment of automotive parts which of 
necessity had to be annealed to give a completely fer- 
ritic matrix. 

It was well known that the general reaction Fe;C = 
3Fe + C was true for simple iron-carbon-silicon alloys 
in the gray cast iron classification, but further data was 
sought to determine the temperatures at which the 
above reaction would proceed either to the right or to 
the left. Furthermore, at some particular temperature 
the reaction Fes;C = 3Fe-+-C proceeded to the right at 
the maximum rate. Above and below this temperature 
the iron carbide tended to remain stable for longer 
periods, and its stability was dependent upon the tem- 
perature factor. 

The final aim which entered this investigation was 
to gain an approximate idea of the effect of composi- 
tion upon the reaction Fe;C = 3Fe+C. The fact was 
assumed that with increased silicon content the reac- 
tion would proceed to the right at a greater rate. 

It was possible to plot the times of decomposition. 
The resultant curves show the data that was sought, 
but it was impossible at any stage to generalize. 


Theoretical Consideration of Secondary Graphitization 


The terms secondary graphitization and secondary 
graphite imply the reaction and the product brought 
about by the decomposition of the iron carbide which 
may be in solid solution in the gamma condition or as 
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cementite in the alpha condition. Secondary graphite 
is synonymous with “temper” graphite. 

The pearlitic cast iron is classified as an alloy of iron- 
carbon belonging to the metastable system, and as such 
it can be expected to contain both pro-eutectoid carbon 
and eutectoid carbon, in the form of cementite and 
pearlite (depending upon the cooling rate and compo- 
sition). The ferritic cast iron is classified as an alloy of 
iron-carbon belonging to the stable system, and con- 
tains two major constituents, ferrite and graphite. In 
other words, it does not contain carbon in the chemi- 
cally combined form. 

The process of secondary graphitization is the ren 
dering of a cast iron in the metastable condition to 
an iron of the stable system. It results in the complete 
break-down of the pro-eutectoid and eutectoid cement- 
ite. The process is well known in its application to 
the production of malleable cast iron, although we are 
interested in this paper in the breakdown of an iron- 
carbon alloy containing only the eutectoid combined 
carbon which has a different aspect to the graphitiza- 
tion of an iron containing a high proportion of its 
carbon as eutectoid and pro-eutectoid cementite. 

There are three factors to be considered in the de- 
composition of the eutectoid iron carbide:— 

1. Solubility of the iron carbide in the matrix. 

2. Diffusion rate of the iron carbide when in solid 
solution. 

3. The stability of the iron carbide in relation to 
the effect of graphitizing elements such as graphite and 
silicon. 

The first two factors are closely allied. The diffusion 
rate of the iron carbide is greatest when it is in solid 
solution in the austenite, and the amount of iron car- 
bide that can exist in solid solution is dependent upon 
its solubility. Both of these factors are dependent upon 
temperature. 

The double iron-carbon diagram (Fig. 1) shows the 
difference between the solubility of the iron carbide 
and the graphite in the austenitic matrix, but it cannot 
give a clear picture of the relations between the iron 
carbide and the graphite. It does not show that the 
iron carbide will decompose at temperatures below 
the lower critical temperature, examples of which have 
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Fig. 1—Double iron-carbide diagram. 


been found from time to time. Nevertheless it does 
explain why secondary graphitization should be ac- 
celerated between the critical temperatures. (See 
Fig. 1). 

Although in the strict sense ferrite will dissolve a 
small amount of iron carbide, the solubility curve has 
been neglected in the diagram. It can be seen that 
above the A, critical temperature the solubility of the 
carbon in the combined form in the austenite increases 
from 0.87 per cent carbon to 1.7 per cent carbon. 

Graphite, however, does not possess the same solu- 
bility in the austenitic matrix, and therefore, with the 
decomposition of the iron carbide between the critical 
temperatures A, and the solidus temperature graphite 
will be precipitated in preference to iron carbide. Be- 
low the A, temperature both iron carbide and graphite 
are mutually insoluble in the ferritic matrix; the de- 
composition of the iron carbide is slowed down because 
of its inability to diffuse to the centers of deposition or 
the nucleation points. The centers of deposition are 
the primary graphite flakes themselves, since graphite 
will graphitize more readily than other elements. 


Fig. 2—Cast iron annealed to cause complete secondary 
graphitization. The matrix is completely ferritic and 
secondary graphite is deposited as nodules on the pri- 
mary graphite flakes. Etched. Mag. 200X. 
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Since secondary graphitization is dependent upon 
diffusion rates and solubilities, it would appear that 
excluding the third factor (presence of graphitizers) 
there should exist an equilibrium condition of graph. 
ite-iron carbide at any particular temperature. Evi- 
dence has been given in the past to the effect that reso- 
lution of the graphite phase at temperatures just below 
the solidus, followed by rapid quenching has resulted 
in retention of massive cementite. Yet it is well known 
that holding a pearlitic gray cast iron at an annealing 
temperature often results in the complete breakdown 
of the iron carbide, and the formation of a completely 
ferritic matrix. It would seem, therefore, that over a 
certain critical range secondary graphitization takes 
place at an accelerated rate while above and below 
this range graphitization is progressively retarded. It 
could also be true that a solid solution of iron carbide 
and a solid solution of graphite are the same and that 
the change of the solubility curve in the double iron 
carbon diagram only indicates the difference between 
the cooling rates of the stable and metastable systems. 

The third factor to be considered is the effect of 
graphitizing elements upon secondary graphitization. 
The two possibilities of the effect of an element such 
as silicon upon secondary graphitization are:— 

1. Increases the rate at which the pro-eutectoid and 
eutectoid combined carbon will decompose. 

2. Increases the range of the critical temperatures at 
which the decomposition will take place. 

The aim of the experiment was to bring about 
formation of the stable system (i.e. graphite-ferrite) 
at temperatures ranging from 600 C to 900 C (1112 F 
to 1652 F) and noting the time it took for the decom- 
position of the combined carbon. The general effect 
of a silicon increase in the iron composition was to be 
noted by the comparison of two cast irons in the meta- 
stable condition treated to bring about the decomposi- 
tion of the combined carbon and comparing the times 
of the change. 

In consideration of the number of variables present 
it was decided to concentrate upon the change of 


Fig. 3—Cast iron showing partial secondary graphitiza- 
tion by the formation of ferritic envelopes around the 
primary graphite flakes. Etched. Mag. 800X. 
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composition only, and where possible other factors 
have been avoided. Naturally, the cooling rate of the 
treated specimens was a factor which could influence 
the results considerably. It was therefore decided that 
all specimens should be cooled under normalizing 
conditions. This allowed for formation of a pearlitic 
matrix in the presence of combined carbon. 

The process of secondary graphitization begins at 
the primary graphite flakes. ‘The combined carbon in 
solid solution is decomposed, resulting in precipitation 
of the free carbon phase which is deposited on the pri- 
mary graphite flakes. The secondary graphite appears 
as small nodules or excrescences on the primary graph- 
ite flakes, and the surrounding matrix of gamma phase 
or alpha phase is denuded of carbon and forms an 
envelope around the flake. These envelopes are com- 
monly known as ferritic envelopes. (See Fig. 2 and 3). 

The rapidity with which the combined carbon will 
decompose depends upon its ability to diffuse to the 
nearest nucleation point. In its intermediate stage the 
matrix exhibits ferritic envelopes surrounding the pri- 
mary graphite flakes while the areas remote from the 
graphite flakes still show the existence of combined 
carbon in the form of pearlite. 
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The micrograph at a high magnification demon- 
strates this point clearly. 
Experimental Procedure 


The cast irons selected for the work had the follow- 
ing composition— 





A. B. 
Medium-Silicon High-Silicon 
Iron Iron 


Element, per cent 





Total Carbon 3.38 3.63 
Silicon 1.93 2.68 
Phosphorus 0.1 0.54 
Manganese 0.72 0.63 





Ten test bars of each iron’ were cast in green sand 
molds. The test bars were 34-in. in diameter and 12 in. 
long. In all cases the as-cast test bars had a completely 
pearlitic matrix, and free ferrite and free cementite 
being absent. The graphite flake distributions were as 
follows:— 


A. Medium-Silicon lron — Type A (Random Orientation). 
B. High-Silicon Iron — Type A (Random Orientation). 


The bars were machined to a 14-in. diameter and 6 
in. of each bar was selected for the work. Uniformity 
of structure and hardness was important, since any 
variation in the as-cast condition could give erroneous 
results. The selected bars were parted off into speci- 
mens 0.050 in. thick and again slit to give a final 
specimen of a half disc of 0.050-in. section. (See Fig. 4). 

The reasons for adopting such a small specimen for 
annealing were:— 

1. The heating and cooling rate of the specimen 
during the heat treatment had to be sufficiently great 
to minimize any effects of slow heating or cooling upon 
the metallographic structure of the specimen. 

2. The time at which the specimen was at tempera- 
ture had to be measured, therefore, the effect of section 
had to be eliminated to make the short time heat treat- 
ments sufficiently accurate. 

3. The heating and cooling rates had to be fast 
enough to minimize the effects of sub-temperatures on 
the metallographic structure of the specimen. 
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So the problem of gaining a standard cooling rate 
in still air, and avoiding the effects of section during 
the time at temperature were overcome to a satisfactory 
degree by the adoption of a thin section. 

The next problem was to treat the specimens at 
temperature ranging from 600 C to 1000 C (1112 F to 
1832 F) and to avoid oxidation of the specimen. Metal- 
lic or salt bath furnaces could not be adopted because 
of the possibility of the specimens being coated upon 
withdrawal from the bath and causing a variation of 
cooling rate. Therefore, all specimens were treated in 
a nitrogen atmosphere tube furnace. ; 

The heating zone of the furnace was about 6 in. 
long and | in. in diameter. The added advantage of 
the tube furnace was that specimens could be inserted, 
observed and extracted from the heating zone with 
minimum difficulty. The furnace was heated by an 
electrical spiral resistance wire, so that uniformity was 
attained in the heating zone, and the action of insert- 
ing a cold specimen into the furnace showed no tem- 


- 


perature variation. (See Fig. 5 and 6). 


Fig. 6—Photo of experimental apparatus. 


The specimens were mounted on nichrome wire jigs 
for heat treatment. The temperatures at which the 
specimens were annealed were as follows:— 600 C (1112 
F), 650 C (1202 F), 700 C (1292 F), 750 C (1381 F), 
800 C (1472 F), 850 C (1562 F), 900 C (1652 F), 1000 
C (1832 F). The shortest period of treatment was 5 
min and the longest period 24 hr. The determinations 
involved some 250 individual treatments of varying 
times and temperatures. 

The experimental procedure was simple in itself, 
consisting of:— 

1. Examination of the test piece prior to heat treat- 
ment to ascertain uniformity. 

2. Heat treatment for a given period. 

3. Examination of the test piece after heat treat- 
ment for hardness, and the appearance of free ferrite. 

The selection of the hardness test and the metallo- 
graphic examination was made because of their suit- 
ability for rapid determinations. The hardness of an 
annealed or normalized gray cast iron will give a rea- 
sonable indication as to whether the matrix consists of 
pearlite or ferrite. So knowing the basic hardness of 
the ferritic condition of the cast irons being treated, it 
was possible to use the Vickers pyramid hardness test 
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as a rapid primary test as to the approximate conditio1 
of the specimen. 

These hardness tests were followed by a detailec 
metallographic examination. The principal constitu 
ent that was looked for was ferrite. It was possible to 
lay out the photographic records of the specimens in 
the form of a mosaic to give a clear over-all picture o! 
the decomposition of the pearlitic matrix at each pai 
ticular temperature. 

The correlation of results consisted of plotting the 
hardness results against the time factor for each par- 
ticular temperature. This is intended to show the 
comparison of hardness at various annealing tempera- 
tures and the periods over which an iron will retain 
its hardness above the basic hardness of the ferritic 
condition. 

The second method was to plot the time of decom- 
position of the combined carbon at various tempera- 
tures. Since the function of decomposition is depend- 
ent upon diffusion the curve produced is necessarily an 
approximation, but it is suggested that it is true over 
a reasonable range of time. 


Results of Annealing a Medium-Silicon Gray Cast Iron 


It is not intended to submit the detailed results of 
the heat treatment, but the graphs of the hardness de- 
terminations are shown in Fig. 7. These graphs have 
been compiled on the basis of averaging the determina- 
tions and represent approximately 1270 hardness read- 
ings. 

The initial hardness of the iron (i.e. as-cast condi- 
tion) was 220 Vickers Pyramid Hardness Number 
(VPN). It is pointed out that the hardness curves for 
the 800 C (1472 F) and 850 C (1562 F) determinations 
show a rise of hardness above the initial hardness value 
although no hardening process was employed. The ex- 
planation for this is in the fact that the test bars were 
originally allowed to cool out completely in the sand 
molds. However, the heat treatment of the iron above 
the critical temperature followed by cooling in still air 
resulted in a slight increase of hardness. 

The main facts to be gained from these graphs is 
that the hardness drops progressively at 600 C (1112 F) 
over a period of 660 min, however, an increase in an- 
nealing temperature results in a more rapid drop of 
hardness. 

At 750 C (1381 F) the hardness had dropped to 144 
VPN in a period of 30 min. This was the most rapid 
drop recorded. An increase of annealing temperature 
led to the hardness being maintained over progres- 
sively longer periods and at 850 C (1562 F) and 900 C 
(1652 F) the hardness had not decreased after a treat- 
ment of 1440 min. 

This shows that over a critical temperature range 
the hardness decreased and above and below this range 
the hardness was maintained. This is perhaps shown 
more clearly by graphing the hardness variation for a 
constant time. A typical graph is shown for the hard- 
ness variation after annealing for a 2-hr period. Mini- 
mum hardness was reached after annealing for 2 hr at 
750 C (1381 F) while above and below the hardness 
values were higher (Fig. 8). ; 
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Fig. 7—Hardness-Time curves. 
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Fig. 8—Graph showing hardness variation after a 2-hr anneal. 














Fig. 9—Typical series of structures of medium-silicon 
cast iron annealed for progressively longer periods at 
650 C (1202 F). Time indicated is in minutes. 
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Fig. 10—Typical series of structures of medium-silicon 
cast iron annealed for progressively longer periods at 
700 C (1292 F). Time indicated is in minutes. 
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Metallographic Examinations 


The procedure adopted for metallographic examina- 
tion of heat treated specimens was to prepare an 
etched structure at a magnification of 200X. For the 
purpose of this paper typical series of structures are 
presented, each series represents specimens heat treated 
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Fig. 11—Typical series of structures of medium-silicon 
cast iron annealed for progressively longer periods at 
750 C (1381 F). Time indicated is in minutes. 


for progressively longer periods at a given tempera- 
ture. The beginning of the series shows structures 
consisting of flakes of primary graphite set in a matrix 
of pearlite. The matrix is classed as substantially pear- 
litic, the light etching constituents being small areas of 
primary ferrite and phosphide eutectic. The end of 
the series shows structures consisting of graphite flakes 
set in a completely ferritic matrix. 


600 C (1112 F) Treatment 


There was a progressive drop of hardness from 220 
to 150 VPN. The time for decomposition to take place 
was determined as 660 min. The matrix was com- 
pletely ferritic, showing that the combined carbon of 
the pearlite had broken down giving secondary ferrite 
and secondary graphite. 


650 C (1202 F) Treatment 


Appearance of secondary ferrite in this series oc- 
curred after 45 min. Breakdown of the combined car- 
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bon was completed after 300 min, therefore the inter- 
niediate. micrograph has been omitted. In this case the 
decomposition of the combined carbon proceeded over 
a long period, so that an average end point was selected 
as being the 180-min heat treatment. This coincided 
with the hardness value of 140 VPN. The intermediate 
structures showed a progressive increase of secondary 
ferrite, beginning with the appearance of ferrite en- 
velopes around the flakes of primary graphite. (See 
Fig. 9). 
700 C (1292 F) Treatment 

Large areas of secondary ferrite occurred after 45- 
min heat treatment. The decomposition of the com- 
bined carbon took place over a much shorter period in 
comparison to the previous treatment. The end point 
of the breakdown was fixed at about 60 min, although 
small areas of combined carbon remained for long 
periods. The hardness of the iron after 60 min was 
136 VPN. The comparison to the heat treatment at 
650 C (1202 F) shows that the breakdown was etfected 
in a shorter period (Fig 10). 

750 C (1381 F) Treatment 

The series shown for the treatment of 750 C (1381 
F) demonstrated that the breakdown occurred over a 
shorter period. The iron carbide tended to coalesce 
into a spheroidal form as distinct from the lamellar 
form of pearlite. The greater proportion of decomposi- 
tion occurred over a period of 30 to 45 min. The 
hardness of the iron after 30-min heat treatment was 
144 VPN. (See Fig. 11). 


800 C (1472 F) Treatment 


In this case the decomposition took place after 540- 
min heat treatment. The structures exhibited the same 
properties as the 750 C series in that the carbides 
tended to coalesce into a spheroidal form. The hard- 
ness dropped to 143 VPN after 600-min treatment. 


850 C (1562 F) and 900 C (1652 F) Treatments 


These two series showed no tendency to drop in 
hardness after 1440 min, and the structures showed 
persistence of iron carbide over this period. 

The marked change in stability of the combined 
carbon at 850 C (1562 F) and temperatures above, and 
the comparison of these results to the previous treat- 
ments gave the indication that the general reaction 
Fe,C = 3 Fe + C had reached an equilibrium condi- 
tion and possibly proceeded to the left. 


TABLE OF RESULTS 





Hardness Time of Decomposition 
Vickers Pyramid of Combined Carbon, 
Number min 


‘Temperature 
*¢C °F 





600 1112 150 660 
650 1202 140 180 
700 1292 136 60 
750 1381 144 45 
800 1472 143 600 
850 1562 above 200 persistent after 1440 min 
900 1652 above 200 persistent after 1440 min 
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Fig. 12—Hardness-Time curves. 
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Fig. 13—Typical series of structures of high-silicon cast 
iron annealed for progressively longer periods at 650 C 
(1202 F). Time indicated is in minutes. 
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Fig. 14—Typical series of structures of high-silicon cast iron annealed for 
progressively longer periods at 700 C (1292 F). Time indicated is in minutes. 


It was thought that the best method to present all 
the results in a concise form was to plot times of de- 
composition of the combined carbon against the tem- 
perature factor. This gave a general curve which shows 
very well the critical temperatures at which the com- 
bined carbon will decompose. Further comments in 
regard to this curve will be made later in the paper. 

Results of Annealing of High-Silicon Gray Cast Iron 

Consistent with the previous medium-silicon iron 
the high-silicon iron was annealed under similar con- 
ditions, and a typical series of hardness results and 
micrographs were prepared. As before the hardness 
results were plotted against time and are self explana- 
tory. (See Fig. 12). 

600 C (1112 F) Treatmem 


Hardness decrease occurred progressively over a per- 


iod of 660 min, and the corresponding microstructures 
showed that decomposition of the combined carbon 
(indicated by the appearance of secondary ferrite) was 
related to the hardness decrease. The time of decompo- 
sition was fixed at 660 min, and the basic hardness 
value was 146 VPN. 


650 C (1202 F) Treatment 


Examination of the micrographs showed that the 
first signs of decomposition after 60 min treatment. 
The appearance of ferritic envelopes around the pri- 
mary graphite flakes is very clear in the set of photo- 
micrographs presented. The decomposition of the com- 
bined carbon occurred between 60 min and 180 min; 
the final structure had a completely ferritic matrix. 
Time of decomposition was fixed at 160 min, and the 
basic hardness value was 140 VPN (Fig.13). 
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Fig. 15—Typical series of structures of high-silicon cast iron annealed for progressively longer 
periods at 750 C (1381 F). Time indicated is in minutes. 


700 C (1292 F) Treatment 


The treatment at 700 C (1292 F) gave a marked in- 
crease in the decomposition rate of the combined car- 
bon. Secondary ferrite appeared after 10 min at tem- 
perature and the matrix was completely ferritic after 
30 min; the decomposition time was determined at 15 
min. The secondary graphite appears as nodules on 


Fig. 16—High-silicon cast iron annealed for 5 min at 
800 C (1472 F). 


the primary graphite flakes, and the only remaining 
constituents in the matrix were ferrite and phosphide 
eutectic. The basic hardness value was 130 VPN. (See 
Fig. 14). 


750 C (1381 F) Treatment 


Breakdown of the combined carbon was complete 
in 15 min, and the average time was fixed at 10 min. 
The structures showed similar characteristics to pre- 
vious treatments. The hardness value after 15 min was 
125 VPN. (See Fig. 15). 

800 C (1472 F) Treatment 

The results indicated that the 800 C (1472 F) treat- 

ment caused the combined carbon to decompose in less 


than 5 min; the hardness dropped to 137 VPN. The 
decomposition time was fixed at 5 min. (See Fig. 16). 


850 C (1562 F) Treatment 


The combined carbon showed an increase of stabil- 
ity in this case, and the decomposition was completed 
after 360 min at temperature. The basic hardness value 
was 142 VPN. (See Fig. 17). 


900 C (1652 F) Treatment 


At 900 C (1652 F) no breakdown of combined car- 
bon was observed over a period of 1440 min. The hard- 
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Fig. 17—Typical structures of high-silicon cast iron annealed at progressively longer periods at 850 C (1562 F). 
Time indicated is in minutes. 


ness of the iron did not drop below 172 VPN. On this 
result it was concluded that the combined carbon was 
stable at this temperature. 


TABLE OF RESULTS 





Hardness Time of Decompositon 
Vickers Pyramid of Combined Carbon, 
°C oF Number min 
600 1112 146 660 
650 1202 140 160 
700 1292 130 15 
750 1381 125 10 
800 1472 137 5 
850 1562 142 360 
900 1652 above 172 persistent after 144 min 


Temperature 











Correlation of Results 
The method of correlating the results consisted of 
graphing the times of decomposition against the tem- 
perature. The two curves obtained present the result 


for medium and high-silicon gray cast irons (Fig. 18). 

The first significant point is the fact that decompo- 
sition of the combined carbon occurs at a progressively 
greater rate with increase of temperature until a maxi- 
mum rate is reached. Above the temperature at which 
the maximum decomposition rate occurs, the curve in- 
dicates that combined carbon becomes ‘stable, and 
therefore the curve becomes parallel to the time axis 
at the temperature where stability occurs. Below the 
maximum decomposition rate the curve tapers off and 
indicates that at temperatures below 600 C (1112 F) it 
would again become parallel to the time axis with the 
greater stability of the combined carbon. 

The next consideration of the curves are their posi- 
tions and the relationship of the areas surrounding 
them. In general terms the areas to the left above and 
below the curves represent the metastable condition 
while the area to the right of the curves represents the 
stable condition. However, it must be noted that al- 
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Fig. 18—Graph of time decomposition of combined carbon vs temperature. 


though the curve is a single line it is actually a mean 
line representing the decomposition period, so that it 
cannot be said that the line marks the strict boundary 
between the metastable and stable systems. 

The manner in which the curves suddenly change 
indicates that stability of the combined carbon is prob- 
ably related to the upper critical temperature where 
the matrix becomes completely austenitic. It would be 
expected that the change in the direction of the genera] 
formula Fe;C = 3Fe + C would occur at the upper 
critical temperature since the solubility of carbon in 
the gamma phase is increased. 

Unfortunately the curves do not indicate the per- 
centage of carbon in solid solution or in the metastable 
system. 

Considering the curves in relation to each other the 
differences are most marked. The curve for the higher 
silicon iron shows that the decomposition of the com- 
bined carbon occurs over a much wider range, for 
example the decomposition of the combined carbon 
readily takes place from 700 to 800 C (1292 to 1472 F) 
whereas with the lower silicon iron the critical tem- 
perature range is restricted. 

Secondly the decomposition of the combined carbon 
occurs over a shorter period, in other words the curve 
is placed more to the left. The third point is that the 
combined carbon is broken down at higher and lower 
temperatures in comparison to the lower silicon iron. 

An interesting feature of the curves at the lower 


temperatures is that they gradually come together so 
that at 600 C (1112 F) the decomposition time of the 
combined carbon was the same for both irons. This 
would indicate that the diffusion rate to the centers of 
deposition becomes the major factor at the lower tem- 
peratures, and that, at a particular temperature the 
decomposition rate becomes so small that the change 
Fe,;C — 3Fe + C virtually ceases. 


Conclusions 


In making the conclusions upon the work presented 
it is done so with this main fact in view—that the re- 
sults represent two cast irons of given composition, and 
therefore it would be incorrect to regard the conclu- 
sions as anything other than specific, and certainly not 
general at this stage. 

1. The change from the metastable system of graph- 
ite-iron carbide to the stable system of graphite-ferrite 
depends upon functions of time and temperature. 

2. There is a maximum decomposition rate for the 
combined carbon and the formula Fe,C — 3Fe + C 
proceeds to the right at an increased rate until all the 
iron carbide is decomposed. 

3. There appears to be a sharp line of demarcation 
at the higher temperatures where the combined carbon 
becomes stable and decomposition ceases. 

4. The decomposition of the combined carbon pro- 
ceeds at a progressively greater rate with an increase 
of temperature until a maximum rate is attained. 
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). The curve of the mean decomposition time of the 
combined carbon indicates that with the iron contain- 
ing a higher silicon content:— 

(a) The range of temperature over which the 
combined carbon readily decomposes is greater than 
for the lower silicon iron. 

(b) The curve is placed to the left, and the times 
during which decomposition takes place are shorter 
than for the lower silicon iron. 

(c) The influence of the high-silicon content was 
less apparent at the lower temperatures. 

6. At lower temperatures the decomposition time 
becomes greater and therefore the combined carbon 
has greater stability. 

It is hoped that the effect of a low silicon content 
iron will be added shortly to the above data and it is 
expected that it will yield a curve more to the right 
than the two already presented. 

A further point which will be tested to check the 
accuracy of the curves is the controlled cooling of 
specimens which should give confirmatory results, for 
example, a specimen containing a high silicon con- 
tent if cooled at a rate slower than 7 C (approx.) per 
min through the 800 C (1472 F) range should show a 
large amount of secondary ferrite in the matrix. 
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DISCUSSION 


Chairman: G. P. PHILLIPs, International Harvester Co., Chi- 
cago. 

Co-Chairman: J. S. VANick, International Nickel Co., New 
York. 

E. C. Bishop (Written Discussion):* Mr. Silvester’s paper has 
been studied with great interest, especially in view of the recent 
increased attention being given the annealing of gray iron cast- 
ings for improvement of machinability. 

However, it is difficult to understand the third conclusien 
drawn by the author from his results. The claim is made that 
at higher temperatures the combined carbon is stable, and, there- 
fore, decomposition does not take place. At the temperatures in 
question, the carbon which would normally, in the metastable 
system, form pearlite on subsequent cooling, cannot be present 
as combined carbon, Fe,C, or graphite since both are soluble in 
austenite to the extent dictated by the double Iron-Carbon dia- 
gram of Fig. 1. Graphitization of the carbide is possible at all 
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Fig. 19—Diagram of Stable Equilibrium in Gray Iron 
(After Boyle). 
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at lower temperatures only because below the lower critical it 
can no longer be in solid solution. 

Perhaps the situation can be clarified by reference to the 
ternary Iron-Carbon-Silicon diagram which more appropriately 
should be used to illustrate the structural changes taking place. 
A section through this ternary diagram at 2% Si, which closely 
approximates the condition of the low-silicon iron employed in 
the above study, is shown in Fig. 19. It will be noted that the 
addition of 2% Si has wrought two major changes in the conven- 
tional binary Iron-Graphite diagram. The eutectoid’ tempera- 
ture becomes a temperature range of approximately 100 F, and 
this temperature range is considerably higher than that of a 
binary Iron-Graphite alloy (by more than 150 F). It should fur- 
ther be noted that the temperature at which the author states 
the change to stability of the iron-carbide occurs is precisely that 
of the upper limit of the eutectoid range, that is, approximately 
1550 F. In other words at and above this temperature neither 
graphite nor iron-carbide can exist, since all carbon, up to the 
graphite solid solubility limit, is soluble in the austenite which 
constitutes the remainder of the structure. Since all carbon be- 
yond the Solid solubility limit had previously been rejected as 
graphite during casting, the only carbon remaining available for 
further graphitization is soluble in the austenite above 1550 F. 

In like manner it can be shown by a section through the 
ternary Iron-Carbon-Silicon diagram at 2.68% Si, the high-silicon 
iron of the author's investigation, that the upper temperature 
of the eutectoid range is raised to approximately (1650 F). 
This again is essentially the temperature at which the author 
claims stability of iron-carbide begins for the higher silicon iron. 

The question is not one of stability of iron-carbide at the 
higher temperatures but that of solubility of either graphite or 
iron-carbide in austenite above the eutectoid temperature range. 
Some recent work by the writer, to be published in the near 
future, shows that any “excess” or “free” iron-carbide formed by 
“chilling” is actually unstable at temperatures in the range of 
1200-1700 F. Indeed graphitization proceeds very rapidly at tem- 
peratures between 1550-1700 F, provided the silicon content is 
relatively high. 

CHAIRMAN PHILLIPS: This paper should be of real practical 
interest to all of us. I can think of many ways in which the 
data can be used. In thinking of exhaust manifolds on heavy- 
duty trucks we are interested in this sort of data. As the engine 
power goes up, we must consider whether to put cooling fins on 
the manifold, to go to a 3-piece job or to use an alloy, because 
of the dissociation, oxidation and thermal expansion that occurs 
at higher temperatures of operation. Many of you are interested 
in annealing castings for machinability or stress relief plus 
machinability. Many applications could be made of the data 
that Mr. Silvester has presented. 

R. SCHNEIDEWIND:* I have studied this paper rather carefully 
and my comments are more on the theoretical aspects. I have 
plotted the time necessary to decompose the carbides in the 
pearlite, the logarithm of time against one over the absolute 
temperature, and the values plot in accordance with the gener- 
ally accepted views in malleable iron. 

Figure 18 shows a minimum point towards the left of the 
graph. That minimum point represents the lower range of the 
apparent critical temperature and the horizontal) line is the 
upper limit of the region. Values of this type are what we are 
apt to run across in practice where the times of heating are not 
infinitely long. Actually the theoretical critical temperature 
range is much narrower than is indicated between the minimum 
point and the flat portion of the curve as has been shown by 
Rehder in his paper “Effects of Temperature and Silicon Content 
on First Stage Annealing of Black Heart Malleable Iron.” See 
pages 173 to 180. 

Mr. SILVESTER: This paper was presented from an academic 
standpoint. The work was done in the laboratory. However, 
there was a practical aspect connected with it. The specification 
gave a rather drawn out annealing heat treatment with a con- 
trol curve. By determining the decomposition rate of an iron 
with a certain carbon content we were able to reduce the time 
necessary to bring about a completely ferritic microstructure. 
This is one of the practical applications resulting from this ex- 
perimental work. 

There are many variables in this particular work. We would 
like to consider other alloying elements. So that actually the 
results presented in this paper are merely a progress report. 


~ ® Prof. of Metallurgical Engr., University of Michigan, Ann Arbor, Mich. 





RISERING CASTINGS 


By 


J. B. Caine* 


DUE TO THE INFINITE VARIETY of shapes cast, 
risering has always been considered a practical prob- 
lem, one to be approached empirically. The objection 
raised to scientific control because of the great variety 
of shapes that must be risered is illusionary. 

Risering can be separated into two phases, position- 
ing and dimensioning. Quantitative data on each 
phase, derived from relatively simple shapes, can be 
applied to any casting, no matter how complex. The 
derivation and application of these fundamental quan- 
titative data is of practical importance, not only in 
increasing quality but in decreasing cost. 


Positioning Risers 

Solidification shrinkage is a manifestation of a phase 
change, exactly the same type of phase change that 
occurs at lower temperatures 4nd determines heat 
treatment and physical properties. Those phase changes 
occurring when the metal is solid are recognized as 
being amenable to scientific approach and control. 
There is no reason why a similar phase change occur- 
ring when the metal solidifies cannot be studied and 
controlled from the same scientific standpoint. Never- 
theless, solidification shrinkage and risering are re- 
garded as being out of the field of the laboratory and 
are treated in the foundry as practical problems. 

Because solidification shrinkage is the result of a 
phase change when the metal cools from the liquid 
to the solid state, the same laws apply for any metal. 
Variations due to the metal are differences of degree, 
not of kind. Therefore, a fundamental study of this 
phenomenon need not be too concerned with the 
different kinds of metal cast, such fundamentals ap- 
plying equally well to any metal. 

The technical literature of the foundry industry 
abounds in papers treating gating and risering as an 
art, describing risering procedures for definite castings. 
These procedures, unfortunately, are not applicable 
to even similar castings differing slightly in only one 
or two dimensions. It is hoped that this paper, treating 
gating and risering from an entirely different point 
of view, will stimulate interest and discussion in the 
science of risering. 

Before going into the details of solidification shrink- 
age and the occurrence of defects attributal to this 
shrinkage in castings, just what are they? They are 
due to that contraction in volume occurring while the 


*Metallurgist, Sawbrook Steel Castings Co., Lockland, Ohio. 

The official Exchange Paper from the American Foundrymen’s 
Society to the French Foundrymen’s Association was presented at 
the 22nd French Foundry Congress, held in Paris, October, 1948. 


metal is cooling from the pouring temperature down 
to the liquidus line of the equilibrium diagram (the 
beginning of freezing), and especially due to con- 
traction occurring between the liquidus and solidus 
lines, as the metal is freezing. Contraction after the 
metal is solid does not result in voids, but in overall 
change in dimensions (patternmaker’s shrinkage). 

Although a rigorous study of volume contraction 
on solidification must take into consideration liquid, 
solidification and solid shrinkage simultaneously, our 
sketchy knowledge allows simplification of presentation 
in considering each one as a separate entity. In the 
future, a simultaneous more accurate treatment will 
be in order, but this must await further knowledge 
of the individual phenomena. 

As far as risering is concerned, only the first two 
types of volume contraction need be considered. In 
some cases liquid shrinkage must be taken into con- 
sideration, but by far the most important phase is 
volume contraction occurring during solidification. 


Diagraming Riser Systems 

Any risering system, no matter how complex, can 
be diagramed as shown in Fig. 1. Complexity in the 
casting being risered merely increases the number of 
systems. The sections shown can be of any size, can 
be reversed or turned at any angle, or curved rather 
than straight; as far as risering is concerned it is the 
same system. Therefore, if the fundamentals of solidi- 
fication shrinkage and risering are known for this 
simple system they can be applied to any casting, no 
matter how complex. 

Another point not generally appreciated is that a 
risering system is always composed of relatively simple 
shapes—cylinders, squares, parallelopipeds—and that 
even the most complex casting is composed of com- 
binations of these relatively simple shapes. Therefore, 
if the shrinkage characteristics of simple shapes in 
a simple risering system, as shown in Fig. 1, are known 
quantitatively for any metal, this knowledge can be 
applied to efficiently position and dimension the risers 
for the most complicated casting. 

Another simplification can be made for the different 
metals that must be risered. The exact shrinkage 
cavities shown in Fig. 1 and the examples to follow 
are those found in steel castings. Steel has been chosen 
not only because the writer is more familiar with this 
metal, but primarily because shrinkage voids are ac- 
centuated in steel and are the most useful for illustra- 
tive purposes. 

It must be emphasized that fundamentally the same 
changes occur with other metals on solidification. Per- 
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haps, due to a lower volume contraction on solidifica- 
tion, the voids are not as large as found with steel. 
Perhaps, if the metal solidifies over a greater tempera- 
ture range than steel the voids will not be as definite, 
but these are differences in degree, not of kind. If the 
alloy is cast at a lower temperature, the temperature 
gradients and rate of skin formation may be so low 
as to throw the shrinkage cavity from the center (as 
illustrated for steel) to the surface. 

The difference again is one of degree, not of kind. 
The castings will all show shrinkage voids, some with 
a large void as illustrated for steel, others with a 
depression in the cope surface, as found many times 
in iron and the light alloys, or perhaps the shrinkage 
voids will be dispersed, resulting in metal of low 
density, a defect plaguing the non-ferrous foundryman. 
All are manifestations of the same phenomenon, solidi- 
fication contraction resulting from the phase change 
from liquid to solid, and the elimination of all these 
defects is governed by the same basic laws. 

If no provision is made to furnish liquid metal to 
the system illustrated in Fig. la as it is undergoing 
solidification contraction, and steel is introduced into 
the thin section so that the temperature gradients 
in both ends are the same, shrinkage voids will be 
encountered as shown in Fig. la. Note that the voids 
are not in the geometric center of the heavy sections, 
but at the thermal center. This is due to the fact that 
the rate of heat extraction is restricted at the re-entrant 
angles where the thick and thin sections join. 

Metals other than steel will show the same funda- 
mental shrinkage characteristics, even though at first 
glance the shrinkage voids observed on sectioning the 
casting seem to be entirely different. The only dif- 
ferences are the mode of solidification, the amount 
of contraction on solidification and the temperature 
gradient as influenced by the pouring temperature. 


Solidification Contraction 


If the metal cast into the system has a low solidifi- 
cation contraction the voids will be smaller than those 
shown for steel, and if the risering system is small, 
especially in section, there will be no voids from the 
practical standpoint. However, voids can be found 
if the inspection is sufficiently precise. If the metal 
being cast into the system has a high solidification 
contraction but, due to a longer freezing range be- 
tween the liquidus and solidus lines of the phase 
diagram, the mode of solidification is such that the 
shrinkage voids are dispersed, no definite voids will 
form, but the metal will exhibit a lower density than 
normal, so-called open-grain or microshrinkage. 

In all cases, no matter which type of shrinkage voids 
are formed, the only method of control and elimina- 
tion of these voids is to provide reservoirs of liquid 
metal, so positioned and proportioned that they will 
furnish liquid metal to the system until it solidifies. 
If an adequate reservoir or riser be introduced into 
the system (shown at A in Fig. 1b*) and the system 


* Top open risers are used to illustrate this system for the sake 
of simplicity of presentation. Top blind, side blind, or side open 
risers can be used, the only difference being a possible change 
in the size of the risers, a subject to be discussed later in this 
Paper. For metals other than steel the riser size will change, but 
not the riser itself. This point also will be discussed later. 
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filled with steel through the riser, to eliminate for 
the moment complications due to the gate, that part 
of the system at A will be free from shrinkage cavities. 

However, the same shrinkage cavity will still exist 
at area B in Fig. 1b. Again, for other metals the 
shrinkage cavity or cavities at area B may not be as 
large or as discrete as illustrated for steel, but they 
will exist. Their severity depends on the mode of 
solidification, temperature gradients as influenced by 
the pouring temperature of the metal, and the amount 
of solidification contraction, all differences of degree, 
not of kind. 

The point illustrated in Fig. 1b, that shrinkage away 
from the riser is influenced very little if at all by the 
riser, needs emphasis, for it is overlooked too many 
times in the foundry. The rate of solidification of 
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Fig. 1—Diagrams showing methods of eliminating three 
types of shrinkage encountered in risertng systems. 


the thinner member is so high that it effectively cuts 
off any flow of metal from the riser to the opposite 
heavy section even before it (the thin section) is 
completely solid. 

Pressures necessary to force liquid metal through 
the dendrites of even a partially solidified section are 
measured in hundreds and thousands of pounds per 
square inch; pressures that cannot even be approached 
by hydrostatic pressure attained with even extreme 
riser heights. It is necessary to place another reservoir 
or riser on the other heavy section at B, as shown in 
Fig. lc. Both heavy sections are now fed and are sound. 

In steel and many other metals another complication 
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Fig. 2—Taper required to obtain freedom from dis- 
persed shrinkage in steel castings (Brinson and Duma’). 
Amount of taper required for any section height and 
thickness is equal to horizontal width between the 
lines in inches, as illustrated for the 1-in. section. 


arises, if absolute solidity is required, in that dispersed 
shrinkage is encountered in the uniform section, as 
illustrated at area C in Fig lc. In steel this type of 
shrinkage is known as centerline shrinkage. Informa- 
tion obtained from work done on this type of shrink- 
age in steel should be of particular interest to the 
non-ferrous foundryman, for this type of shrinkage 
is quite similar to microshrinkage in the light alloys, 
open grain in iron and non-ferrous alloys. 

Many times the individual voids of dispersed shrink- 
age are so small that they cannot be seen until the 
section is deep etched. The importance of this type 
of shrinkage should not be judged by the size of the 
voids, for their effect on the physical properties of 
the casting can easily be greater than a discrete visible 
shrinkage void many times the size of the individual 
voids of dispersed shrinkage. The user of castings is 
becoming aware of this fact, and the elimination of 
this type of shrinkage assumes increased importance. 


Temperature Gradients 


Dispersed shrinkage of this type is found in steel 
in uniform sections where the temperature gradients 
are relatively low. At changes in section, where the 
temperature gradients are higher, steel will freeze 
soundly from the surface to the hottest area, liquid 
steel filling all the voids that form in the solidifying 
metal until finally there is no more liquid metal left 
and a definite and relatively large void is formed. 

Temperature gradients for any given shape become 
less as the pouring temperature of the alloy being 
cast decreases and the tendency for dispersed shrinkage 
increases, This condition is aggravated if the alloy 
being cast has a long freezing range and forms longer 
dendrites of solid metal during solidification, these 
long dendrites cutting off the flow of liquid metal 


to that metal that is almost but not completely solid, 
so that innumerable shrinkage cavities are formed be- 
tween the dendrites. Dissolved gases can also aggravate 
this condition. 

The mode of solidification of any particular alloy 
cannot be changed, but much can be done to change 
the temperature gradients in the risering system to at 
least minimize the amount of dispersed shrinkage. 
Any method that will promote directional solidifica- 
tion, that is, solidification from the area most remote 
from the riser, progressively to the riser will minimize 
or eliminate dispersed shrinkage. Unfortunately, most 
methods that will promote directional solidification 
conflict in some way with other requirements of the 
gating system, or with the most efficient method of 
making the casting. 

One method of eliminating dispersed shrinkage in 
steel, which has been studied extensively by Brinson 
and Duma!, is that of tapering the section. Fig. 2 
summarizes their findings and shows the amount of 
taper required to eliminate dispersed shrinkage in any 
given steel plate section up to 4 in. thick. Dispersed 
shrinkage is not found in uniform steel sections over 
4 in. thick. Although the values given in Fig. 2 can 
be used directly only for steel, they should be of 
interest to the foundryman casting other metals as 
a guide in the study of this method of eliminating 
dispersed shrinkage in his particular alloys. 

Therefore, in order to insure freedom from all three 
types of shrinkage, that at the riser, shrinkage away 
from the riser in a heavy section, and dispersed shrink- 
age, the system should be risered for steel and tapered 
as shown in Fig. ld. The same fundamentals apply 
for any metal. 

It should be pointed out that the Brinson and Duma 
results can be used with assurance only for platelike 
sections that are solidifying from only two surfaces. 
If the section is square, rectangular, or is short and 
an appreciable amount of solidification is occurring 
from more than two surfaces, the tapers recommended 
by Brinson and Duma may or may not apply. 

Although the tapering method advanced by Brinson 
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and Duma is simple and foolproof, it can be prohibi- 
tively expensive, especially if the taper must be re- 
moved from the casting because of design considera- 
tions, Therefore, any gating and risering method that 
does not involve a change in the dimensions of the 
casting section itself will be more practical, even 
though it does not insure complete freedom from 
dispersed shrinkage. 

Dispersed shrinkage can at least be decreased by 
introducing the metal into the risers to insure the 
coldest metal away from the risers, the hottest metal 
in the risers. If top risers are used there are a number 
of objections to this method. The tendency toward 
sand defects is increased due to the erosive action of 
the metal dropping from a height, but in many cases 
it is advantageous to use a more expensive sand that 
will resist the additional erosion if dispersed shrinkage 
can be minimized by top gating (Fig. 3a). 

However, the most serious objection to top gating 
is the turbulence set up by the falling metal. This 
turbulence interferes with the proper directional sol- 
idification of any metal, with increased dispersed 
shrinkage resulting. With the more reactive metals 
such as the bronzes, aluminum and magnesium, no 
turbulence at all can be permitted because of gas 
absorption and the formation of oxide films. Some type 
of bottom gating is mandatory, ‘as shown in Fig. 3b, 
even though introduction of metal into the bottom of 
the casting creates the most unfavorable temperature 
gradients for directional solidification. 


Step Gating Requires Careful Design 


The so-called step-gating system, as shown in Fig. 
3c, which had long been thought to promote better 
temperature gradients in the section, has been shown 
recently* to be largely ineffective unless the gating 
system is carefully designed and the flow of metal into 
the gate closely controlled. Unless these conditions 
are met, most if not all of the metal still enters the 
bottom gate. No quantitative information is available 
at present on the proper design of a step-gating system. 

Many ingenious methods have been advanced to 
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overcome these difficulties and introduce the metal 
into the mold with the minimum amount of turbu- 
lence and still obtain proper directional solidification. 
Elliot and Mezoff* describe some novel procedures 
for magnesium, and in one instance show a risering 
system for a cluster of small castings that could be 
used almost without change for steel. 

An ingenious method of eliminating or minimizing 
dispersed shrinkage has been advanced by Taylor and 
Rominski* which, because of its simplicity, should 
provoke thought and additional work in all metals. 
The casting or section is gated and risered from the 
bottom, using blind risers with provision for introduc 
ing atmospheric pressure into the riser’, as shown in 
Fig. 3d. As the mold is filled from the bottom there 
is a minimum amount of turbulence; the coldest 
metal is forced to that part of the casting farthest 
from the riser, and as perfect directional solidification 
obtained as is possible with a uniform section. 


Control Directional Solidification 


Taylor and Rominski* have shown that a section 
one in. thick and 12 in. high can be fed in steel with 
no dispersed shrinkage. If the section is gated and 
risered from the top, appreciable dispersed shrinkage 
is found in the same test piece. A 2-in. section can 
be fed vertically to a height of 24 in. by the judicious 
use of chills. 

Many variations of the Taylor and Rominski method 
should be investigated, even for steel. One is the effect 
of variation in section, as the published information 
is restricted to uniform sections. For example, can the 
fundamental risering system illustrated in Fig. 1 be 
risered in this manner, eliminating the tapered uni- 
form section, if cast vertically with a blind riser at 
the lower heavy section, gating into this riser, and a 
top open riser used to feed the upper heavy section? 
Can the system be cast horizontally and, if not, what 
is the minimum angle necessary for non-turbulent flow 


Fig. 3—Gating method effect on dispersed shrinkage. 
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and elimination of dispersed shrinkage? Quantitative 
data on these questions will pay dividends in higher 
quality and decreased costs, not only for steel but for 
all metals. 

Another phase of risering must be mentioned— 
chiling. Many of the mysterious failures and successes 
involved in the use of ferrous chills with steel castings 
have been solved by Troy’s’ investigation. He has 
shown that an adequate ferrous chill, one that is not 
saturated with heat before the section being chilled 
freezes, will cause solidification at a rate 214 times as 
fast as will sand. This means that a risering system 
such as illustrated in Fig. 4a cannot be chilled in steel, 
for the heavy section is more than 214 times the 
thickness of the thin section and even if chills are 
used it will freeze more slowly than the thin section. 

All that the chill will accomplish in this instance is 
a slight decrease in the size of the void and a change 
in its position. This point is continually overlooked 
in the foundry. It is impossible to feed a casting by 
chilling alone. A source of liquid metal is still required. 
All that a chill accomplishes is to make it possible to 
distribute liquid feed metal to areas which otherwise 
could not be fed without another riser. Distance and 
section size are definite limiting factors when chills 
are used. 

If the dimensions of the risering system of Fig. 4a 
are changed slightly so that the heavy section away 
from the riser is less than 214 times as thick as the 
thin section connecting the two heavy sections, the 
heavy section away from the riser can be fed through 
the thin section and this risering system fed by one 
riser, with a considerable saving in production, as 
illustrated in Fig. 4b. 

The foregoing is a good example of the practical 
usefulness of fundamental quantitative information, 
even if specific castings are not discussed. Such quanti- 
tative information can be applied to any specific cast- 
ing. Much more such information is sorely needed 
on all phases of risering. Exact quantitative data are 
needed, for what seems to be an insignificant change 
in one dimension can completely change the risering 
of a casting in production. 


Many Chill Applications 


It is probable that the exact values just given for 
the chilling of steel cannot be used directly for the 
other metals, but the differences will not be large. Of 
course, in iron practice the use of chills in direct 
contact with the casting is impossible in many cases 
because of the chilled surface. Another interesting 
speculation is the use of chills made of a metal with 
a high heat capacity and conductivity, such as copper. 
The use of such metals may enlarge the field of chill 
applications. There are many other applications of 
chills than that illustrated—one will be discussed later 
—which are specific conditions, However, details have 
no place in a fundamental discussion. 

A variant of the fundamental risering system shown 
in Fig. 1 is a uniform section, too long to be fed by 
one riser. In steel, dispersed centerline shrinkage will 
be found between the risers in such a uniform section 
if the risers are too far apart. The same type of shrink- 
age, varying only in degree, will be encountered in 
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all metals. In some cases chilling or tapering can be 
resorted to in order to minimize or eliminate this 
difficulty, but in most cases the solution is the use 
of additional risers more closely spaced. 

Effective feeding distance is one of the most im 
portant risering problems, and one on which the 
least information is available. Lack of knowledge 
affects all phases of risering—placement, number, and 
even the size required. Admittedly, the problem is 
quite complex, but it is so important that quantitative 
information must be obtained as soon as possible. Any 
effort will be well spent, for the feeding range of a 
riser must, at present, be guessed at whenever a cast- 
ing is risered for production. A wrong guess means 
either too many risers, with excessive cutting and 
grinding costs, or too few risers and a defective casting. 

An important special application of chills on uni- 
form sections is that of chilling a point between risers 
to insure that each riser will feed that portion of the 
section it is intended to feed. Much of the reason for 
the use of chills in this instance is due to lack of 
knowledge of the feeding range of a riser. This use 
of chills can become quite important if the risering 
system is at an angle to the horizontal, or if vertical 
and one riser is at a higher level than the other. 

Cases are not uncommon in which the top riser 
not only feeds the whole system but also the lower 
riser, with severe shrinkage resulting at the upper 
riser because it was designed to feed only part of the 
system. A well-placed chill will eliminate this danger. 


Riser Proportioning and Dimensioning 


So much for the first part of this paper, that having 
to do with the placement of risers. It is admitted that 
the first part is not only sketchy, but also elementary. 
This is due mostly to our elementary knowledge of 
the subject. The missing knowledge is, in the writer’s 
opinion, the most serious and important gap in foun- 
dry technology. More fundamental quantitative infor- 
mation is available on the second phase of risering 
—that of determining the proper proportions and 
dimensions of a riser which is to feed a given casting 
or section’. 

Before entering into the detailed discussion, it should 
be emphasized that as far as practical risering is con- 
cerned the subject can be divided into two phases— 
that of positioning the riser as discussed previously, 
and that of dimensioning the riser, the subject now 
under discussion. It should be fundamental in risering 
practice that shrinkage in areas remote from the riser 
has nothing to do with the riser, and that the riser 
and that part of the casting within the feeding range 
of the riser should be considered a complete risering 
system. No matter how complicated the casting, no 
matter how many risers are required, each riser and 
that part of the casting within the feeding range of 
the riser should be considered a separate system. 

Although this phase of risering can become quite 
theoretical, its practical importance cannot be too 
strongly emphasized. The problem now is to find a 
method of’determining the smallest riser that will 
feed a given casting or risering system. The com- 
mendable tendency in the foundry today is to over- 
riser to insure quality. A method which will permit 





J. B. CAINE 


the use of smaller risers and still maintain quality 
cin be translated directly into lower costs due to 
increased yield. As will be shown later, the increase 
in yield possible with a metal with a high solidification 
shrinkage such as steel is substantial. Similar savings 
are possible with other metals. 

Only one type of shrinkage is of interest now, that 
occurring at, or immediately adjacent to the junction 
of the casting and riser. If the riser is improperly 
proportioned it will either drain out completely or 
solidify too quickly, furnishing insufficient feed metal, 
and shrinkage at or adjacent to the casting and riser 
junction will be found. 

One important exception to the preceding statement 
should be mentioned. A riser has a function other than 
furnishing liquid feed metal to the solidifying casting, 
that of supplying sufficient hydrostatic head. Shrinkage 
defects, whether surface or subsurface, due to lack of 
hydrostatic head may be quite distant from the riser, 
for this type of shrinkage cavity occurs early during 
the solidification period, when much liquid metal is 
present in the system and the feeding range of the 
riser is quite large. 


Appearance of Shrinkage Cavities 


Shrinkage defects due to lack of hydrostatic head 
can be quite puzzling in production, for their appear- 
ance is dissimilar to the other types of shrinkage 
defects. As they occur early during solidification, many 
times when only a thin shell of the section has solidi- 
fied, they have the appearance of cavities due to 
entrapped gas rather than shrinkage cavities. However, 
riser dimensions other than height have no bearing 
on this problem; in fact, all that is necessary is that 
the gate be of sufficient height, and the riser can then 
be made as short as desired. 

As far as riser dimensions are concerned, knowledge 
of the exact feeding range of the riser is not too im- 
portant. Even with a metal with high solidification 
shrinkage such as steel, an appreciable portion of the 
system has solidified and has been fed before even 
a discrete void is formed. The riser must furnish feed 
metal to compensate for shrinkage in the whole system 
during this period. 

The riser has furnished even a greater proportion 
of the total feed metal in the case of dispersed shrink- 
age, for it is estimated that a steel section is over 90 
per cent solid before dispersed shrinkage cavities form. 
This means that the riser has delivered over 90 per 
cent of the maximum feed metal it could deliver 
under ideal conditions. Therefore, in production the 
feeding range can be selected arbitrarily from experi- 
ence and the riser size calculated, assuming complete 
feeding with a negligible error as far as the riser size 
is concerned. 

If the casting is composed of thick and thin sections, 
the problem of breaking the casting down into indi- 
vidual risering systems is not too difficult. The thin 
sections will solidify rapidly enough so that each heavy 
section and the thinner sections attached to it will 
comprise an individual system. 

_ If the casting section requiring more than one riser 
is uniform, the question of breaking it down into 
individual risering systems is more difficult, the number 
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of risers in these cases must be determined from expe- 
rience until more information is available. These 
risering systems are simple shapes, combinations of 
plates, cylinders, squares and rectangles, and an ap- 
proach to determining the proper riser sizes for even 
the most complex casting can be made by studying 
the solidification characteristics of such simple shapes. 

In the past every foundryman, in each type of 
metal, has had his own rules for proportioning the 
riser. In steel, the trial-and-error method of risering 
has been based on section thickness, depth of section, 
and rarely on volume or weight of the risering system. 
It was generally agreed, at least for steel in the United 
States, that the riser section should be larger than the 
casting section, but there was no agreement as to how 
much larger in section it should be. Another fairly 
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Fig. 4—Chill applications for steel risering system. 


general rule was that the riser height should exceed 
the depth of section to be fed, but this rule was broken 
many times on deep sections, Another rule in general 
use was that riser height be 114 times its section. 

None of these rules, with the possible exception of 
the first, had any experimental foundation, nor were 
they observed at all times even by their strongest 
exponents. Other than general rules of this type, 
risering dimensioning in all metals was an art based 
solely on experience, plus a lot of plain guessing. 

As the shrinkage characteristics of metals during 
solidification are due to a phase change they are 
very precise and do not vary appreciably with com- 
position within the range encountered for any par- 
ticular alloy. This should make a scientific approach 
to the dimensioning of risers amenable to precise 
mathematical study. All that need be taken into con- 
sideration is the rate of heat evolution by the metal 
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until it has solidified and the rate of heat transfer 
across the sand-metal interface, as the two controlling 
factors in the relative rate to complete solidification 
of the casting and riser. 

Only two factors are required for the study of this 
phase of risering: volume, and a factor denoting the 
relative rate of solidification of the casting and riser. 
Some limits are also known. If the solidification rate 
of the riser is infinitely small in relation to that of 
the casting the riser volume required would be equiva- 
lent to the contraction in volume during solidification 
plus, in some instances, the amount of liquid contrac- 
tion occurring between the pouring temperature and 
the beginning of solidification. 

In steel this would be equivalent to a riser about 
5.0 per cent of the casting volume. This value is made 
up of 3.0 per cent solidification contraction and 2.0 
per cent liquid contraction from an average pouring 
temperature of 2950 F, and is much smaller than that 
required in production. This is due to the fact that 
solidification in both riser and casting is progressing 
at the same time. For efficient scientific risering the 
problem is to determine the smallest riser that will 
solidify at a slower rate than the casting it is to feed, 
delivering sufficient feed metal to fill all the voids 
opening up within the feeding range of the riser 
until the casting is completely solidified. 

Another limit has been established. It has been 
proved for steel® that a riser of a section equal to 
the casting section will not feed efficiently; in fact, 
it will not feed at all, regardless of its height, unless 
some type of insulation is placed around the riser to 
lower its freezing rate, or some addition be made to 
the riser to accomplish the same purpose. This limit 
should also apply to any metal whose solidification 
shrinkage is similar to that of steel. As two equal 
sections must solidify at the same rate, it is concluded 
that if the riser freezes at the same rate as the casting, 
the riser volume required is infinity. 

Both limits are now established. If the riser freezes 
infinitely slowly in relation to the casting, the riser 
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volume required is equal to the liquid contraction, 
plus the volume contraction on solidification. If the 
riser freezes at the same rate as the casting, the riser 
volume required is infinity. The problem now is to 
establish the shape of the curve designating this rel.- 
tion between these two extremes. The freezing timcs 
of the casting and riser between these two extremes 
must be in relation to the amount of heat evolved by 
the metal as it cools from the pouring temperature 
through the solidification range, and the amount of 
heat dissipated into the sand in contact with the 
casting and riser. 

As a riser is a casting differing only in shape from 
the casting to be fed, the established relations can 
be used to by-pass all the difficulties associated with 
determining and handling absolute values such as 
specific heat, latent heat of fusion and, especially, the 
quantitative rate of heat flow across the sand-metal 
interface. The amount of heat evolved must be in 
relation to the volume; the amount of heat dissipated, 
to the surface area of the casting and riser. 

From the standpoint of scientific riser dimensioning, 
the riser should be proportioned for maximum riser 
efficiency so that the minimum size riser freezes at 
a slower rate than the casting or section it is to feed. 
At the same time it should contain a sufficient volume 
of metal to satisfy the feed requirements of the casting. 

It is therefore possible to neglect absolute values 
such as specific heat, latent heat of fusion and thermal 
diffusivity and solve the problems of scientific riser 
dimensioning with relations. Only two relations are 
required, one for relative volume, one for relative 
freezing time to complete solidification, as follows: 


Riser Volume as Poured 
Casting Volume 
Casting Surface Area 
Casting Volume 
Riser Surface Area 
Riser Volume 





(1) Volume = 





Relative Freezing 

(2) Time to Complete if 
Solidification 
(Freezing Ratio) L 








As discussed previously, Eq. (1) for volume ap- 
proaches infinity as Eq. (2) for relative freezing time 
approaches unity. Equation (1) approaches the amount 
of liquid and solidification contraction when Eq. (2) 
approaches infinity. Such a relation indicates a hyper- 
bolic function, most simply expressed by the equation: 

a 

(3) 2 wring +-¢ 
whose asymptotes for steel are unity relative freezing 
time and 0.05 relative volume. Therefore, Eq. (3) can 
be written for steels as: 

0.12 
(4)* x um 7008 + 1.0 
where y — volume expressed as a fraction resulting 
from the solution of Eq. (1), x = relative freezing 
time in units resulting from Eq. (2). Constant a has 
been assigned the value 0.12 empirically from experi- 
ment. Constant b is the sum of the liquid and solidi- 


*Constants a and b have been changed slightly from those first 
advanced by the writer in Reference 7. See the discussion ap- 
pearing with this paper in A.F.S. TRANSACTIONS, vol. 56, pp. 498- 
501 (1948). It should be emphasized that the change is minor, 
either the original constants or the corrected ones, as given in 
this paper, can be used in production risering. 
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fi ation contractions and this value will vary according 
to the pouring temperature. The value 0.05 is for steel 
poured at an average pouring temperature of 2950 F. 
Constant c is the measure of any change in the relative 
freezing rate of the casting and riser. If both casting 
and riser are in contact with sand and are dissipating 
heat into the sand at the same rate, constant c is 1.0. 
Mathematically the inclusion of constant c merely 
shifts one asymptote from x = 0 to x = 1.0 

rhe solution of Eq. (4) for steel results in a curve 
represented by the solid line in Fig. 5. As an increase 
in riser size results in an increase in both the x (rela- 
tive freezing time) and y (volume) values, those risers 
corresponding to points above and to the right of the 
curve should have sufficient volume and freeze at a rate 
sufficiently slow to insure solidity of the casting or sec- 
tion they are to feed. Those risers corresponding to 
points below and to the left of the line should feed 
improperly due either to insufficient volume or too 
rapid solidification. 

In Fig. 5 the dotted line represents the boundary line 
between shrinkage and solidity determined empirically 
bv a number of steel foundries in the United States® 
when no addition is made to the riser to reduce its 
freezing rate. The two curves check within the limits 
of experimental error. The implications of the curves 
shown in Fig. 5 are far-reaching. No longer need it be 
said that riser dimensioning is an art, for here is proof 
that riser dimensioning of at least steel castings follows 
relatively simple mathematical laws. 


Riser Insulators and Liquidizers 


If insulators or liquidizers are used on or around the 
riser, constant c will be decreased depending on the 
efficiency of the insulator or liquidizer. It has been de- 
termined empirically® that the liquidizers and pipe 
eliminators commonly used in this country decrease 
constant c from 1.0 to 0.8. This change shifts the curve 
in Fig. 5 to the left, changing the vertical asymptote 
from 1.0 to 0.8. The actual value to be assigned to con- 
stant c for any method of decreasing the relative freez- 
ing rate of the riser will have to be determined experi- 
mentally for that particular method. 

Any method which will decrease the freezing rate of 
the riser in relation to the casting is quite useful in in- 
creasing riser efficiency for steel with castings of low 
surface area, resulting in freezing ratios below about 
1.40. If the freezing ratio of the casting-riser combina- 
tion is below 1.10 some method of decreasing the rela- 
tive freezing rate of the riser is almost imperative (See 
Reference 7 for details) . 

It is interesting to note the approximate yields pos- 
sible, with a metal with a high solidification contrac- 
tion such as steel, as given to the right of the chart in 
Fig. 5. The values given in Fig. 5 are the yields when 
the weight of the gate equals that weight of metal 
equivalent to the volume of the shrinkage cavity in the 
solidified riser. In production the actual yield will 
vary according to the weight of the gate, being lower 
if a long weighty gate is used, higher if an exception- 
ally small or no gate be used. 

As would be expected, in practice the problem is not 
as simple as Eq. (3) indicates, not because of any am- 
biguity in the equation but due to difficulty in deter- 
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mining the values to be assigned to x in the cyuation, 
The y (volume) values are simple and straightforward, 
simply the relative volumes of the casting and riser. All 
difficulties arise in the determination of the x (freezing 
ratio) values. The surface area component in these 
values, the component measuring the relative rate of 
heat extraction, can be influenced by many independ- 
ent variables. 

Perhaps surface area should be called “effective sur- 
face area” for many times it is not the geometric surface 
area. Any part of the geometric surface area that is not 
in contact with a sand wall of sufficient depth to absorb 
all the heat generated by the metal in contact with it, 
until solidification is complete, cannot be included in 
the surface area component of the freezing ratio at its 
full value. 

Cores contacted on more than one side by metal, re- 
entrant angles, and changes in section, all of which 
restrict the flow of heat, require that the geometric 
surface area of the casting at these locations be in- 
cluded in the “effective surface area” at a fraction of its 
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Fig. 6—Curves showing relationship between riser freez- 
ing time and volume for metals other than steel. 


value. The correction necessary in the geometric sur- 
face area for these areas of restricted heat flow must be 
determined experimentally for each metal. This work 
should not be too difficult—much has been done for 
steel—and will be repaid many times, not only in in- 
creased yield but also in sounder castings. 

It is interesting to speculate on the extension of the 
basic risering relation expressed in Eq. (3) to metals 
other than steel. As this is relative, the differences in 
specific heat, latent heat of fusion and in thermal dif- 
fusivity cancel out, and as far as this relation is con- 
cerned the only differences that need be taken into 
consideration for the different metals are the differences 
in liquid contraction, solidification contraction, and 
possibly the solidification characteristics. 

Unfortunately, even these values are not known for 
metals other than steel. The volume contraction on 
solidification, as used in these relations, is probably 
different than those given in the literature. Volume 
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contraction on solidification, as far as riser dimension- 
ing is concerned, may or may not be the total solidi- 
fication contraction, but only that contraction in vol- 
ume that opens up voids large enough to be fed by 
liquid metal from a riser. The 3.0 per cent contraction 
for steel used in this paper has been taken from the 
literature, and is made up almost entirely of this type 
of shrinkage. 

Many of the non-ferrous metals, although showing 
a greater overall volume contraction during solidifica- 
tion than steel, do not open up definite voids. In 
foundry parlance they “freeze flat.” The value for 
solidification and liquid contraction applicable to Eq. 
(3) can easily be determined for any metal in any 
foundry by pouring a simple shape of known volume 
and measuring the volume of the shrinkage cavity 
formed in the casting. 

Even less is known as to the values to be assigned to 
constant a for metals other than steel. Perhaps con- 
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Fig. 7—Steel casting riser determination (Schwartz"). 


stant a is a measure of the solidification characteristics 
of the metal. The value for any given metal may be 
more or less than that for steel, and it is possible that 
it varies independently of constant b. Nevertheless, 
Eq. (5) and (6) are advanced as hypothetical ex- 
amples, if for no other reason than to promote dis- 
cussion. 
(5) oe: 
y —0.017 
(6) —. Soe 
y—0.017 


+10 
+10 


The curves for these equations are plotted in Fig. 6 in 
comparison with the proved curve for steel. 

Equation (5) represents a hypothetical metal with 
constants a and b one third of those for steel. Equation 
(6) represents a hypothetical metal with low liquid 
and solidification shrinkage (constant b one third that 
of steel), but with such freezing characteristics that 
necessitate increasing constant a. As can be seen from 
Fig. 6, if constants a and b are lower than for steel (Eq. 
5) the curve denoting the boundary between shrinkage 
and solidity lies much closer to both ordinates, and the 
riser sizes required are much less than those required 
for steel, less than one third at a freezing ratio of 1.20 
and one quarter of steel values at 1.10 freezing ratio. 

Such metals as the brasses and iron can possibly be 
risered with equations similar to Eq. (5). The line in 
Fig. 6 representing Eq. (6) may be applicable to such 
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metals as the aluminum and silicon bronzes, whic); 
have low liquid and solidification shrinkage as define«! 
in this paper, but their mode of solidification necess)- 
tates increasing constant a above the value establishe:| 
for steel. The riser sizes for such metals would b: 
greater than those required for steel. 

Although the hypothetical curves in Fig. 6 are ac- 
vanced primarily for discussion, they do have a practi 
cal application in the determination of constants a and 
b for metals other than steel. The values for constant 
b can easily be determined for any metal. 

The curves can then be used to determine constant 
a by risering simple shapes in the region of the knee 
of the curve and determining the boundary line be- 
tween shrinkage and solidity in this region. If the 
position of the knee of the curve is established, one can 
feel fairly assured that the position of the rest of the 
curve is correct. This procedure, involving a dozen or 
so castings, is more efficient than determining the shape 
as well as the position of the curve empirically, as the 
latter procedure involves pouring hundreds of castings. 


Solidification Shrinkage Differs 


Another interesting speculation is on the relative 
position of the curves in Fig. 6. As will be noted the 
curve for steel is quite far removed from both ordinates 
and therefore is relatively insensitive to changes in con- 
stant c. The curves for metals of less solidification 
shrinkage fall closer to the ordinates, especially the y 
ordinate, and will be more sensitive to changes in con- 
stant c. As constant c shifts the position of the curve 
in relation to the y (volume) ordinate, and is a meas- 
ure of any difference in the relative freezing rates of the 
casting and riser, slight variations in constant c, such 
as those caused by temperature differentials in the 
mold, will be pronounced with metals of low solidifi- 
cation shrinkage and relatively inappreciable with 
metals of high solidification shrinkage. 

Therefore, slight variations in mold temperature 
differentials, such as those caused by changes in gating, 
will make an appreciable difference in the feeding eff- 
ciency of a riser with a metal of low solidification 
shrinkage. The same change in gating practice in steel 
would result in an inappreciable difference in feeding 
efficiency. This may be a clue to the solution of a num- 
ber of feeding problems in some of the non-ferrous 
metals and in iron. 

Constant c can also be used in the quantitative deter- 
mination of the efficiency of any material or method 
used to reduce the relative solidification rate of the 
riser. The importance of the proper application of 
such materials and methods with castings of low surface 
area cannot be stressed too strongly, for the possible 
increase in yield with such castings is quite large. 

Although the preceding discussion on riser dimen- 
sioning may seem purely theoretical, its application is 
highly practical. After the volume-freezing ratio curve 
has been established for any metal, the curve can be 
used directly in production risering. It is necessary 
only to calculate surface area and volume. All that 
need be known is the volume and surface area, making 
allowances for those areas of restricted heat flow. 

A riser capable of feeding the casting or section 
can be selected from experience, and the volume- 
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freezing ratio of that particular casting-riser com- 
bination calculated. The point representing this com- 
bination can then be plotted on a chart similar to Fig. 
6. The point should lie above and to the right of the 
boundary Hne between shrinkage and solidity for the 
particular metal, allowing a slight factor of safety for 
minor variations in pouring practice and temperature. 

If the point representing the volume-freezing ratio 
for the first casting-riser combination does not fall in 
the proper location, the dimensions of the riser are in- 
creased or decreased until the proper dimensions are 
established. Using this “hunt and try” method, it is 
usual that two or three risers must be checked before 
the proper riser dimensions are determined. 


Riser Shapes 


Schwartz!® has developed a method that eliminates 
the necessity of the first arbitrary selection of a riser 
from experience. First, he has shown that the most 
efficient risers are spheres, cylinders, and combinations 
of spheres and cylinders, with heights not greater than 
twice the radius. Note that all sections are rounds, 
never rectangular, and that the height of the riser never 
exceeds the diameter. Using these risers, Schwartz has 
given a method of determining the proper riser dimen- 
sions for steel directly, knowing only the volume and 
surface area of the casting. 

After a series of curves, similar to that shown in Fig. 
7, have been constructed for a given metal and riser 
shape, the riser dimensions can be determined from a 
chart to accuracies of less than one inch. This can be 
done directly from a blue print before the pattern is 
made. If the riser must be dimensioned to accuracies of 
less than one inch, samples must be made until much 
more is known about what constitutes the “effective 
surface area” and what allowances must be made in the 
geometric surface area in regions of restricted heat flow. 

Figure 7 is a good example of how greatly the riser 
size varies with the surface area of the casting. A 
cylindrical riser with radius of 5, from Fig. 7, and 
height of 10 (the values are dimensionless, either Eng- 
lish or metric system can be used) will feed a casting 
with a volume of 500 if it is “chunky” with a low sur- 
face area (area — 300). The same riser will feed a 
casting 10 times as heavy (volume — 5000) if the 
surface area is increased to 5000. 

Probably no other example will emphasize more 
strongly the need for quantitative risering control. 
Slight variations in one or two dimensions of the cast- 
ing to be risered cause such great variation, not only in 
the riser dimensions but also in the number and place- 
ment of risers, that the required accuracy cannot be ob- 
tained by experience alone. Quantitative data are re- 
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quired. Some data have been collected in this paper, 
mostly for steel. More information on more metals 
is the most important problem of the foundry industry 
today, from the standpoint of quality and cost. 


Summary 


An attempt has been made to approach the problem 
of gating and risering from the scientific point of view. 

Risering has been divided into two phases, that of 
positioning the risers and that of dimensioning the 
risers so that they will efficiently feed the casting or that 
part or parts of the casting they are intended to feed. 

A basic risering system is advanced for positioning 
risers. Quantitative information derived from this sys- 
tem for any metal can be applied to any casting, no 
matter how complex. 

An equation is advanced for dimensioning risers: 


a 


—>-5 +e 


x= 
where x = freezing ratio or relative freezing time to 
complete solidification; y — volume; constants a and b 
are in relation to the mode of solidification and the 
contraction from the pouring temperature through the 
solidification range; constant c is a measure of the dif- 
ference in relative freezing rate of the riser in relation 
to the casting, due to independent variables. 

It has been established that this equation in its 
simplest form for steel becomes: 


0.12 
x= ——_—— + 1.0 
‘<a 
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A STUDY OF THE PRINCIPLES OF GATING 


By 


R. E. Swift,* J. H. Jackson* * and L. W. Eastwood ** 


Introduction 


RECOGNIZING THE DESIRABILITY of using sound 
gating practices, foundrymen have sought and usually 
attain a solution to the problem by employment of 
cut-and-try methods. These methods also form the 
principal basis of the present investigation, undertaken 
at the suggestion of A.F.S. The aim has been to estab- 
lish fundamental principles of gating by employing an 
experimental technique whereby the phenomenon of 
fluid flow in gating systems could be observed and re- 
corded by high-speed moving pictures. This technique 
has been quite successful, and the moving pictures so 
obtained form a supplement to this paper. 

The objective of a satisfactory solution to the gating 
problem is the production of a sound casting by em- 
ploying practicable and commercially feasible meth- 
ods. Therefore, when considering gating systems, it 
is actually necessary to include the gating, risering, and 
chilling methods as a unit, comprising the total gating 
system. Requirements of such a gating system have 
frequently been reviewed and may be briefly sum- 
marized as follows: 

1. The metal should flow through the gating system 
with a minimum of turbulence and aspiration of mold 
gases. 

2. The metal should be introduced into the mold 
cavity so that the temperature gradients, produced on 
the surface of the mold cavity and in the melt within 
the mold cavity, will facilitate the production of direc- 
tional solidification toward the risers or feed heads. 

3. The gating practice should be practicable and 
feasible commercially. 
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Data in this paper will be embodied in a dissertation by R, E. 
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School of Engineering, Yale University, New Haven, Connecti- 
cut, in partial fulfillment for the Degree of Doctor of Engineering. 


It is evident that, if the first requirement is met, 
casting defects resulting from formation of dross, en- 
trapment of gas bubbles, and solution and reprecipita- 
tion of soluble gas will be reduced or avoided. If the 
second requirement is met, castings will be substan- 
tially free of defects resulting from shrinkage or in- 
adequate feeding. If the third requirement is also met, 
castings are not only free of defects resulting from 
an unsound gating practice, but the solution to the 
gating problem will have been obtained by means that 
are consistent with production requirements. While 
attainment of these three requirements certainly has 
not been reached, the aim of the present progress re- 
port will be to point out certain observations which 
may assist in the establishment of sound principles 
whereby, at least, the first requirement may ultimately 
be obtained without making the other two require- 
ments unattainable. 

There are numerous references in the literature 
describing studies of gating technique. In general, 
these may be divided into two groups: (1) those which 
evaluate the gating system by examining the defects 
in the casting obtained, and (2) those which include 
a study of the phenomena occurring within the gating 
system during the pouring operation. Many of the in- 
vestigations of the second group have included the use 
of transparent molds and either molten metals or 
liquids at room temperature. Although no literature 
survey is included here, the reader is referred to the 
bibliography which describes gating studies of the 
second type. 


Application of Fluid Dynamics 


The problem of fluid flow in gating systems might 
be regarded as a problem of fluid dynamics. Certainly, 
fluid dynamics should be considered in a study of this 
type for two reasons: (1) if the principles of fluid 
dynamics were applicable, gating problems probably 
could be solved by scientific rather than cut-and-try 
methods, thereby effecting great economies in the lab- 
oratory and in the production shop, and (2) in a study 
of this type, which includes the use of transparent 
molds and liquids at room temperature, it is necessary 
to consider applicability of the observations to the 
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Fig. 1—General arrangement of equipment for making 
high-speed motion pictures of flow phenomenon in the 
gating system. 


problems of pouring molten metals into permeable or 
impermeable molds in the production shop. 

Although the general principles of fluid dynamics 
are applicable to all fluids, the differences between 
metal casting and the more conventional problems of 
fluid flow must be kept in mind. For example, most 
fluid-dynamic problems which have been studied re- 
late to the steady state, namely, the state of the fluid 
at any point is unvarying with time. On the other 
hand, casting of metals is essentially a transient process. 
Therefore, if some of the fluid-dynamic relationships 
that have been established for steady flow are usable 
under conditions of transient flow, it will be a fortun- 
ate rather than an expected circumstance. In its pres- 
ent stage of development, it appears that the solution 
of gating problems by cut-and-try methods, with appli- 
cation of a reasonable amount of intelligence, is less 
formidable- and involved than application of fluid 
dynamics to the transient, variable, and complex flow 
of liquids in the gating systems. 

Actually, in order to meet the first requirement of 
a sound gating system, the foundryman is concerned 
with such phenomena as (1) the formation of a vortex 
at the top of the sprue and the entrainment of air and 
mold gases therein, (2) the possibility of the entrain- 
ment of air or mold gases in the flowing liquid stream 
where there is a change in velocity or direction, and 
(3) the occurrence of splashing or excessive turbulence 
in the gating system or in the mold cavity by which 
dross is formed, soluble gases absorbed, or gas bubbles 
entrapped in the fluid body. Applicability of observa- 
tions of these phenomena occurring in liquids at room 
temperature to similar phenomena occurring in molten 
metal requires serious consideration. 

Tendency of a liquid to form a vortex, entrain air 
in the liquid stream, or splash, as the result of excessive 
turbulence, is determined by its density, viscoity, real 
or apparent surface tension, and chemical reactivity. 
The viscosity, density, kinematic viscosity, and surface 
tension values for a number of liquids are listed in 
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Table 1. Although the kinematic viscosity of water 
and the light metals is of the same order of magnitude, 
the surface tension values and the chemical reactivity 
of the molten light alloys are substantially different 
from water. 


TABLE 1—PROPERTIES OF VARIOUS LIQUIDS 





Surface 
Tension, 


Kinematic 
Viscosity, Viscosity, 
Liquid Poises* Stokes dynes/cm 


Water 0.0101 0.0101 74 (18 C) 1 
Aluminum 0.025 0.0105 300-420 (700C)** 2.6 
840 (700 C) 
(with film) 
Magnesium 0.012 0.008 563 (681 C) 1.6 
502 (894 C) 
Wood’s Metal 0.0125 0.0013 352 (100 C)*** 
Mercury 0.0157 0.0011 487 (15 C) 13.6 
* Viscosity determined on Wood’s metal at 100 C, using 
Stormer viscosimeter and mercury as a standard. Other vis- 
cosity values obtained from various literature sources. 
** Surface tension determined in the absence of air. 
*** This value determined by means of Du Noiiy inter- 
facial tensiometer, using mercury as a standard. 


Specific 
Gravity 








In the present study, the air entrainment in the vor- 
tex at the top of the sprue or within the flowing liquid 
stream, as a result of change in direction or velocity or 
excessive splashing or other turbulence, is indicated by 
the occurrence of air bubbles in the flowing stream. 


Fig. 2—Photo of the ten lucite sprues. These sprues are 
listed in Table 2. The top of the sprue at the right 
fits into the pouring box, and the bottom of the sprue 
at the left fits into the cope of the mold. The lines and 
white dots are the sprue wall vent holes employed for 
vacuum measurements and air aspiration. 
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The severity of the adverse conditions is then directly 
proportional to the quantity of air bubbles occurring 
in the liquid body. This is an important premise be- 
cause it forms the basis of the present work. 

There is, however, no positive proof that a similar 
phenomenon would occur if the liquid had been a 
molten alloy instead of water or a suspension of solid 
particles in water. The entrainment of air in the 
water flowing through a sprue has been shown to be 
quite similar to that encountered when using light 
alloys.? Certainly, it is to be expected that the be- 
havior of water flowing through the gating system 
would be qualitatively similar to that of a molten 
light alloy flowing through the same system. The 
molten light alloys have a considerable chemical af- 
finity for the atmosphere and, thereby, form an oxide 
film of high apparent surface tension. Therefore, air 
or mold gases would be entrained into the liquid 
stream with greater difficulty. Once inside the fluid 
body, the escape of the gas bubbles encased in oxide 
films would be more difficult, and the resultant gas 
holes generally are concentrated just under the cope 
surfaces. 

The use of any metal in studies of this type suffers 
from the severe limitation that only the surface of the 
liquid stream in the gating system and mold cavity can 
be observed. Several pours of Wood’s metal indicated 
that the rate of flow in unit volumes per second was 
nearly the same as that of water. The escape of air 
bubbles from the surface also showed that this liquid 
metal entrained air in a manner quite similar to water. 


Permeable Versus Impermeable Molds 


The lucite mold employed in this investigation is, 
of course, impermeable and, therefore, comparable to 
metal molds used in the permanent-mold process. The 
effects of mold permeability have been studied by per- 
forating the mold wall at various points of interest, 
using a 0.04-in.-diam drill. Aspiration of air into the 
liquid stream occurs where a negative pressure or slight 
vacuum exists. Under actual foundry conditions where 
mold gases are generated, sometimes at substantial pres- 
sures, aspiration of mold gases into the liquid stream 
might even be considerably greater than that which 
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Fig. 3—Pouring Box A. 
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Fig. 4—Pouring Box B, shqwing the streamlined orifice. 
The long length and the screen facilitated removal of 
gas bubbles introduced by the liquid cascading into 
the pouring box. The pouring box gate permitted one 
end of the box to be filled starting the pour, thereby 
reducing the time to fill the pouring box. 






































Fig. 5—Pouring Box C. This box is similar to B, ex- 
cepting that the orifice is not streamlined. 


occurred under conditions employed in this experi- 
mental work. It is to be expected, therefore, that com- 
position and properties of the mold, which determine 
amount and pressure of mold gases, will have an im- 
portant bearing on mold-gas entrainment. 

It is evident that, if flow phenomenon of liquids in 
gating systems is to be observed and studied, it is 
necessary to use both transparent liquids and trans- 
parent molds. While rigoruus proof cannot be of- 
fered that such conditions simulate those which would 
be obtained by use of a permeable sand mold and a 
molten light alloy, data obtained to date indicate that 
occurrence of air bubbles in the water flowing through 
the gating system is a reasonable and convincing 
qualitative measure of the degree of damage suffered 
by the liquid during the pouring operation. 


Experimental Procedure 


The experimental: arrangement is shown by Fig. |. 
Ten different sprue designs, three different pouring 
boxes, and two different designs of molds were em- 
ployed in the investigation. The dimensions of the 
ten sprues are listed in Table 2 and are illustrated by 
Fig. 2, the design of the pouring boxes, A, B, and C, by 
Fig. 3 to 5, inclusive, and the design of the two molds 
by Fig. 6, 7, 8, and 9. The liquids employed were 








HOLES FOR —— 
ASPIRATION STUDY 


GATE NO.1 - 2°x 2" 


TABLE 2—EFFECT OF SPRUE DESIGN ON LIQUID 
FLow Rate! 


Sprue Description” 


Bottom Surface 
Top Area, Area, Area of Flow 
Shapeof Height SqIn. Sq In. Sprue, Rate, 
No. Cross-Section In. T B T/B Sq. In. G/Sec 
Rectangular 6 0.75 0.75 1 24 649 
Rectangular 6 J 0.75 2 21 722 
(Rectangular, 6 0.75 | 3S Gs 

OLD CAVITY - #x6"x 10" 3 slots) 

Round 5 ‘ 0.75 683 
_. GATE NO 2-72" Round tt 693 
—RUNNERS - 3°x |" Round . ). 22 692 
) Round . ma ' $ f 729 
Round . ' : 509 
Round 1 2.2 3 973 
1C Round 6 ; 0.5 ‘ 960 


MOLD CAVITY BOTTOM *Mold A, Fig. 6 and 7, with the mold-cavity bottom re- 


moved, and Pouring Box C, Fig. 5, were employed. The pour- 
ing box head was 2 in. 


Fig. 6—Mold A. Note the Square corners and the ? The sprue-wall holes were closed. Sprues 1, 2, and 3 placed 
abrupt changes in cross-sectional area at the juncture with the long dimension of their cross section parallel to the 
of the runners and gates. direction of flow in the runner. 
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Fig. 7—Mold A. Photograph of the lucite mold of the 
design illustrated by Fig. 6. 
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water, water containing a small amount of aluminum 

powder in suspension, or Wood’s metal. Flow pheno- 

mena were studied by means of photography at 128 

frames per second and projection on the screen at 16 

frames per second. / 
As indicated previously, of the three requirements of RUNNER STOPS [s 

a sound gating practice, only the one dealing with SPRUE OPENING —— MOLD Gury ~1fs 6*x 10° 

turbulence has been studied in this investigation. Air ef, Ra.» CHES HO 2- Fak 

entrainment (1) by the formation of a vortex at the 

top of the sprue, (2) by air aspiration into the liquid 

stream where there is a change in velocity or direction, 

or (3) by excessive turbulence, as by splashing, or as 

the result of a violent disturbance of the liquid sur- 

face, is manifested by the occurrence of air bubbles in 

the liquid stream. Using this as a criterion, several 


RUNNER VENT 


Fig. 8—Mold B. Note the rounded corners, but the 
fairly abrupt change in cross-sectional area at the MOLD GAATY BOTTOs 
point of juncture of the gates and runners. 


MOLD CAVITY 


Fig. 
fille. 
quia 
top. 


Fig. 9—Mold B. Photograph of the lucite mold of the 
design illustrated by Fig. 8. 





R. i. Swirt, J. H. JACKSON AND L. W. Eastwoop 


TABLE 3—Loss in FLow RATE CAUSED BY FRICTIONAL LOSSES IN THE GATING SYSTEM! 
Flow Rate Expended in Friction 








Complete Gating Complete Gating 
System for System for 
Mold A Mold B 


Sprue Discharge, Gr/Sec %o of % of % of 


Pouring Theoret- Theoret- Theoret- Theoret- 


Box Head, ical ical ical ical 
In. (Calcu- Mold Not Attached* Mold A Attached® Mold B Attached Sprue Sprue Sprue 


Spread Gr/Sec Discharge Gr/Sec Discharge Gr/Sec Discharge 


505-517 564 557-569 49 7.3 160 23.9 106 15.8 
694-714 834 823-845 46 4.6 300 29.8 172 17.1 
962-982 1175 1162-1198 (-)21 . 332 25.4 131 10.0 
546-556 632 629-639 62 8.3 194 26.1 112 15.1 
773-788 935 927-942 36 3.2 333 29.8 179 16.1 
1014-1048 1240 1224-1264 (-)13 : 359 25.8 140 10.1 


Sprue and 
Pouring Box B 











Spread Mean _ Spread Mean 


616-627 510 
955-966 706 
1306 1327 1309-1340 974 

744 682 677-689 550 
1114 1078 1063-1095 781 
1390 1403 1390-1425 1031 


of water lated)* Mean 
670 621 
1006 960 





> &» PP PM PO 





*Molds A and B, and Pouring Box B are shown in Fig. 6 to 9, and 4. 


*The design of the sprues are shown in Fig. 2 and Table 2. 


* These values are based on the frictionless velocity of flow given by V 2gh. 

“Only the sprue and pouring box were used—the molds were not attached. 

5 A sprue, the pouring box, and molds with the mold-cavity bottoms removed were used. 

* This includes losses caused by water viscosity, channel walls, changes in direction of flow, and orifices of entry and discharge. 
‘It appears that the frictional losses are within limits of experimental error. 





factors have been studied including pouring method, 
pouring box design, sprue design, design of the con- 
nection between the base of the sprue and runner, 
design of the runner and gates, and use of various 
devices and techniques to improve the gating practice. 
Each of these factors will be considered in the above 
order. 

The capacity of the gating systems of Molds A and 
B, and the frictional losses suffered in the gating sys- 
tems, are illustrated by the data in Table 3. Depend- 
ing upon the gating design, frictional loss in the en- 
tire gating system is approximately 10 to 17 per cent 


Fig. 10—Sprue No. 6, and Pouring Box B, partially 

filled with liquid. The white streaks in the falling liq- 

quid represent air entrainment from the vortex at the 

top. (An enlargement from the high-speed motion 
picture film.) 


of the theoretical frictionless capacity. The measured 
capacity of the molds, depending upon the mold and 
sprue design, varies from 564 to 1240 grams of water 
per second. Assuming that the same volume of liquid 
light alloys would pass through the gating system, 
these capacities correspond to 190 to 410 pounds of 
liquid aluminum per minute. 


Pouring Method 


The common ways of pouring both permanent and 
sand molds consist of either pouring directly down 
the sprue or pouring into a box immediately adjacent 


Fig. 11—Pouring Box A having square-cornered orifice 

and “air pocket” hanging from corner, gradually being 

disintegrated, causing entrainment of gas into liquid 

stream. Note depth of liquid in pouring box is over 2 
in. (Enlargement from motion picture film). 
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TABLE 4—EFFECT.OF SPRUE AND PourRING Box DESIGN 
ON MINIMUM PourRING Box HEAD REQUIRED 
TO PREVENT A VoRTEX! 





Min. Pouring 
Box Head to 
Prevent a 
Vortex, 


Sprue Description’ In. of Water 





Cross-Sectional Pouring Pouring 
Height Area,SqIn. BoxB BoxC 


Top Bottom (Fig. 4) (Fig. 5) 





No. In. Cross-Section 
6 Rectangular 0.75 675 230 125 
2 6 Rectangular 1.50 0.75 2.50 1.25 
3 6 (Rectangular, 0.75 075 230 1.25 

3 slots) 

4 6 Round 0.75 0.75 2.30 1.10 
5 6 Round 123 Gzs 238 125 
6 6 Round 2.25 075 2a 125 
7 6 Round 1.50 0.75 . 230: 12 
8 6 Round 1.00 0.50 1.50 0.80 
- 2 Round 2.25 75 62.75 1.40 
10 6 Round 0.75 150 2.60 1.35 


*Mold A, Figs. 6 and 7, was used with the mold-cavity 
bottom removed. 





and connected to the sprue. The study by high-speed 
photography has shown that, if a pouring box is used 
and the liquid stream from the pouring ladle is di- 
rected to a point near the top of the sprue, effect of the 
liquid cascading into the pouring box introduced air 
bubbles which did not always escape and were carried 
directly down the sprue. In this experimental work, 
air bubbles from this source were avoided by using a 
long box equipped with a vertical screen between the 
top of the sprue and the point at which the liquid 
cascaded into the pouring box, as shown by Fig. 4. 

If, however, the usual practice is used and the liquid 
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is poured directly down the sprue, a large volume >f 
air is entrained in the falling stream in the sprue dur- 
ing the entire pouring operation. Light-alloy foundry- 
men frequently can trace the occurrence of cope dross 
on their castings to the practice of pouring directly 
into the sprue. The actual damage which occurs ‘o 
the metal during this type of pouring operation will 
be reflected by defective castings unless the entrained 
air and dross have some opportunity to escape before 
they reach the mold cavity. 

Damage can also occur when the pouring box is 
used but not kept adequately full. Figure 10 shows 
the large volume of air entrainment through the vortex 
when this condition exists. 


Pouring Box Design 


Early in the investigation, a conventional pouring 
box design, as shown by Fig. 3 or 5, was employed. It 
was found that the right-angle corner between the 
inside bottom surface and the vertical wall forming 
the hole in the pouring box produced an abrupt 
change in direction; consequently, frequent separation 
occurred, with the result that an “air pocket” appeared 
to hang from the top corner as illustrated by the vari- 
ous photographs in Fig. 11. This pocket of air ap- 
peared to be gradually torn off during the pouring 
operation, causing a continuous admixture of air into 
the stream of liquid flowing down the sprue. After 
this observation was made, the pouring box was re- 
designed to eliminate all sharp corners, as illustrated 
by Fig. 4. This streamlining of the hole in the pour- 
ing box to fit the sprue greatly reduced occurrence 
of the air pocket, as shown by Fig. 12. However, as 
illustrated by the data in Table 4, a greater depth of 
liquid was required in the pouring box before the 
vortex over the sprue could be eliminated. These re- 





Fig. 12—This photograph is similar to Fig. 11, except 

the streamlined Pouring Box B was used instead of A. 

Note that the streamlined orifice has eliminated the 

occurrence of the “air pocket” at the top of the sprue. 

The depth of liquid in the pouring box is about 13, 

in. (An enlargement from the high-speed motion pic- 
ture film.) 


Fig. 13—Air aspiration through a sprue wall hole near 
top of an untapered sprue, illustrated by white streaks 
in liquid falling through sprue channel. Note depth of 
liquid in pouring box is over 2 in. This type of air 
entrainment in the liquid stream can be entirely elimt- 
nated by tapering the sprue. (An enlargement from the 
high-speed motion picture film.) 
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9.06 Oo — 723 
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Fig. 14—Ideal sprue and sprue base design showing 

bs 7 . Cc i c 

minimum taper on 6-in. and 10-in. sprues having 3, 
sq in. area at the base. 








sults indicated quite clearly that the path of flow of 


the liquid, even in the pouring box, should be stream- 


lined to avoid abrupt changes in direction. A proper 


design of the hole in the pouring box is illustrated by 
Fig. 14. 
Effects of Sprue Design 

It is now generally accepted in gating practice for 
the light alloys that the size of the sprue fixes the pour- 
ing rate, that is, the restriction of the rate of flow oc- 
curs in the sprue. If the rate of flow were controlled, 
for example, by a constriction in the runner or gate, a 
jet action and turbulence would occur at these points. 
In the experimental work reported here, the ratio of 
the cross-sectional area of the sprue bottom to the 
total cross-sectional area of the runner and gates was 
usually 1:2:4. Sprues of various cross-sectional shapes 
and tapers were employed as illustrated by the dimen- 





sional data in Table 2 and by Fig. 2. 

High-speed photographs of all ten sprues showed 
that all of the untapered sprues, whether they were 
rectangular, round, or slotted, aspirated air through 
the vents in the sprue wall, as illustrated by Fig. 13. A 
slightly tapered, round, 6-in. sprue, 0.75 sq in. at the 
bottom and only 1.125 sq in. at the top, also tended 
to aspirate air. These observations were confirmed by 
a pressure measurement at the inside terminus of the 
sprue wall vents. As would be expected, Sprue No. 10, 
with the big end down, corresponding to the design 
of sprues attached permanently to matched plates, 4s- 
pirated a considerable amount of air. 

Gas aspiration into the liquid stream flowing in a 
given untapered sprue, as observed by high-speed pho- 
tography as well as by pressure measurements, was in- 
creased by any factor which increased the flow rate; 
such as (1) increasing the liquid head in the pouring 
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box, or (2) the removal of the mold at the bottom so 
that the liquid would run through the sprue at a 
greater rate because of the absence of the back pressure 
supplied by the channels in the gating system. Also, air 
aspiration, as indicated by high-speed photography and 
pressure measurements, was greater near, though not 
at, the top of untapered sprues. Aspiration through 
the vents in the sprue wall also depended somewhat on 
their orientation in respect to the direction of flow 
into the sprue from the pouring box. In general, as- 
piration was greatest on the side from which the liquid 
entered the top of the sprue, was less on either side 
wall, and was still less on the side opposite that from 
which the liquid entered the sprue. 

The rates of flow through the various sprues are 
listed in Table 2. To obtain these data, the sprues were 
attached to Mold A, Fig. 6 and 7, and the rates of flow 
through each pair of gates were determined when 2 in. 
of head was maintained in the pouring box. During 
this test, the bottom of the mold cavity was removed 
so that no back pressure occurred from the liquid in 
the mold cavity. These data show that, when main- 
taining a constant cross-sectional area at the bottom, 
only slightly greater capacity was attained when the 
sprue was tapered. Because of the greater ratio of sur- 
face to cross-sectional area, the rectangular three-slot 
sprue had the lowest capacity for a given cross-sectional 
area. When the sprue wall holes were opened, the 
capacity of the untapered sprues decreased slightly be- 
cause of the air which was aspirated into the liquid 
stream, thereby reducing the volume of liquid. An 
increase in the height of a tapered sprue from 6 in. to 
12 in. increased the capacity about 50 per cent. 

Table 4 contains data on height of liquid in the 
pouring box required to eliminate the vortex over the 
various sprues. Sprue No. 8, which possessed the 
smallest cross-sectional area, obviously requires the 
least head of liquid in the pouring box to eliminate a 
vortex, while the other sprues, all having similar but 
larger bottom cross-sectional areas, require about the 
same head of liquid in the pouring box to eliminate 


Fig. 15—Shows gas pocket, A, entrapped at the bottom 
of the sprue. The gas pocket is disintegrated in about 
20 sec, causing entrainment of a substantial volume of 
gas into the liquid stream. (An enlargement from the 
high-speed motion picture film.) 





Fig. 16—Photo taken after lapse of same length of time 
as one shown in Fig. 15, but sprue base was partially 
streamlined, eliminating occurrence of gas pocket at 
base of sprue and minimizing gas entrainment. (An 
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the vortex. Because of the greater capacity of the 12 
in. sprue, No. 9, a slightly greater head in the pouring 
box is required to eliminate the vortex. 

It is quite likely that air aspiration into the liquic 
flowing in an untapered sprue occurs because of th« 
increasing velocity of flow produced by gravity as the 
liquid falls through the sprue channel. It so, the spruc 
cross-section should decrease in proportion to the in 
crease in velocity so that no separation of the liquid 
from the sprue wall and no suction or gas aspiration 
tends to occur. Such an ideally tapered sprue is shown 
by Fig. 14. The design of this sprue at the bottom is 
described later in this paper. 


Design of Sprue Base 


When using the usual gating procedure commonly 
employed in foundries, the sprue forms a right angle 
with the runner, and the cross-sectional area of the 
runner is usually larger than that of the bottom of the 
sprue. As shown by Fig. 15, this constitutes a faulty 
design because an air pocket forms beneath the sprue 
during the pouring operation, the air in this pocket is 
gradually disintegrated, and the bubbles entrained in 
the liquid stream. This investigation has shown that, 
under the experimental conditions, up to about 20 sec 
are required to complete the disintegration of the air 
pocket. The high-speed photography showed that em- 
ployment of a “well” at the base of the sprue, as illus- 
trated by Fig. 8 and 9, was ineffective if not a harmful 
means of avoiding gas entrainment and caused a 27 per 
cent reduction in capacity of the gating system. 

Streamlining the base of the sprue eliminates gas 
entrainment at this point, as shown by Fig. 16. When 
the base of the sprue is streamlined, no air pocket forms 
at the base of the sprue and air entrainment appears 
to be entirely eliminated. Measurements show that 
streamlining the base of the sprue actually increased 
the capacity of the gating system by 11 per cent, despite 
the fact that this change was made with a substantial 
reduction in cross-sectional area at this point. 

The probable ideal design of a sprue base is illus- 


enlargement from motion picture film.) 
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trated by Fig. 14. The essential features of this design 
are as follows: 

1. Elimination of the sharp vertical angle at the 
base of the sprue where it joins the runner. 

2. Gradual expansion of the total cross-sectional area 
of the runner from that equal to the sprue base to 
about four times this value at a point adjacent to the 
nearest gate connecting the runner with the mold 
cavity. If this is correctly done, the decrease in velocity 
of flow in the runner occurs with a corresponding in- 
crease in cross-sectional area of the flow stream. This 
condition eliminates or reduces separation of the liquid 
from the walls of the runner, and thereby eliminates 
the possibility of gas entrainment into the liquid 
stream. 


Runner and Gate Design 


The design of the runner at the point of attachment 
to the sprue has already been considered. The balance 
of the runner should also be properly designed. In 
general, good foundry practice requires that the run- 
ner encircle the casting as completely as practicable in 
order to provide several gates connecting the runner 
with the mold cavity. This multiple use of gates pro- 
vides more uniform liquid flow into the mold cavity 
and reduces mis-runs and turbulence. Again, square 
corners should be avoided in the runner. Figure 17 
shows aspiration of gas near a square corner in the 
runner, while Fig. 18 shows the absence of such air 
entrainment under similar conditions, excepting the 
runner corner is rounded. 

Figure 19 shows that the rounded corner of the run- 
ner will aspirate air only when a relatively larger flow 
velocity exists in the runner. In other words, the 
greater the flow velocity, the greater the likelihood of 
gas entrainment into the liquid stream where a change 
in direction of flow occurs. Back pressure such as that 
resulting from a screen, or other restrictions, placed 





lig. 17—This photograph shows a square-cornered run- 
ner and aspiration of air bubbles through a vent hole 
in the cope (Arrow). (An enlargement from the high- 
speed motion picture film.) 


holes through cope; vents visible as white vertical lines 
(Arrow). (An’ enlargement from motion picture film.) 
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Fig. 19—Vacuum, inches of water, generated at a square 
and rounded corner of a runner at various flow rates. 










Fig. 18—Similar to Fig. 17 except runner corner was 
rounded. Note absence of aspiration through vent 
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across the gate considerably reduces air aspiration into 
the runner. 


As already stated, abrupt changes in cross-sectional 
area of the flow channel should be avoided. The flow 
velocity is highest at the base of the sprue because of 
the force of gravity, and this velocity should be re- 
duced as the metal flows through the runner and gate 
system. A decrease in flow velocity must necessarily be 
accompanied by a corresponding increase in cross- 
sectional area of the channel containing the flow 
stream. If the cross-sectional area of the runner or 
flow channel increases more rapidly than the corre- 
sponding decrease in flow rate, separation of the liquid 
from the wall will occur and thereby favor aspiration 
of air into the liquid stream. On the other hand, if 
the cross-sectional area of the runner does not increase 
rapidly enough in the direction of flow, passage of 
liquid through the gating system will be retarded and 
the velocity of flow will be undesirably high, causing 
turbulence and splashing where it enters the mold 
cavity. Expressed in another way, flow velocity at any 
location multiplied by total cross-sectional area of the 
flow channel at that location should be approximately 
a constant. 


These principles apply also to the design of the 
gates connecting the runner with the mold cavity. 
Usually, such gates must be taken off the runner at 
right angles to the longitudinal axis of the runner. 
Also, in conventional gating practice, the total cross- 
sectional area of these gates is greater than the cross- 
sectional area of the runner. These conditions, pro- 
ducing an abrupt change in direction of flow and in 
cross-sectional area of the flow channel, give ample 
opportunity for separation at the junction of the gates 
with the runner, as illustrated by Fig. 20. If the gate 
is rounded, separation and possibilities of air entrain- 
ment are decreased. However, if the total cross-section- 
al area of the gates is twice that of the runner, the 





Fig. 20—Photo showing the square corner into the gate 
wheré an abrupt increase in cross-sectional area occurs. 
Note the separation at the left side of the gate where 
gas entrainment occurs.- (An enlargement from the 
high-speed motion picture film.) 








Fig. 20. Better runner and gate design illustrated in 
Fig. 22, where corners are rounded and abrupt changes 
in cross-sectional area in flow channel avoided. (An 
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Fig. 22—Suggested runner and gate design to avoid 
abrupt changes in cross-sectional area and flow direc- 
tion. Note 4:1 reduction in flow velocity before first 
gate is reached and constant flow velocity thereafter. 


21—Rounded corner of gate reduces air pocket in 


enlargement from motion picture film.) 
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velocity of flow of the liquid through the gates is not 
sufficiently slow to fill the gate completely and some 
separation will occur. If the gate is rounded and the 
abrupt increase in cross-sectional area of the flow 
channel is eliminated, separation is also entirely elimin- 
ated and the possibility of gas entrainment into the 
liquid stream is avoided, as shown by Fig. 21. 

Actual measurements made on the flow rates through 
each pair of gates of the molds, Fig. 6 to 9, showed that 
approximately 65 per cent of the liquid entered the 
pair of gates furthermost from the sprue, thereby caus- 
ing serious nonuniformity in the flow in the mold 
cavity. 

To overcome ail these difficulties, a suggested de- 
sign of a runner and gate system for a flat plate, such 
as that used in this experimental work, is illustrated by 
Fig. 22. The essential features of this design are as 
follows: 

1. Employment of a sprue and runner design at 
the base of the sprue, as illustrated by Fig. 14. 

2. Gradual fourfold increase in cross-sectional area 
of the runner between the sprue and the first gate. 

3. Streamlining the gates to avoid abrupt changes 
in direction. 

4. Employment of a total cross-sectional area of the 
first gate (Section 4-4, Fig. 22) plus the cross-sectional 
area of the runner just beyond the first gate (Section 
3-3) equal to the cross-sectional area of the runner 
(Section 2-2) just before the first gate. This eliminates 
any abrupt change in cross-sectional area of the flow 
stream at this point, and insures more equal distribu- 
tion of liquid passing through each gate into the mold 
cavity. 

5. Avoidance of abrupt changes in cross-sectional 
area at all locations in the gating system, from the top 
of the sprue to the mold cavity, but the velocity of flow 
of the liquid stream is gradually reduced by 4:1 by 
employing a ratio of the cross-sectional area of the 
bottom of the sprue : total cross-sectional area of the 
gates = 1:4. With this design, no abrupt changes in 
cross-sectional area or in direction occur, and the veloc- 
ity of flow of the stream is reduced so that minimum 
splashing occurs when the liquid enters the mold cav- 
ity. This is necessary because, frequently, an abrupt 
change in direction of flow will occur in the mold 
cavity. If, however, the velocity of flow has been ade- 
quately retarded, this will have no appreciable harm- 
ful effects. 


Summary—A Preliminary Statement on the 
Principles of Gating Practice 


The current investigation refers only to the gating 
practice applicable to castings having substantial later- 
al dimensions but relatively small vertical height. Bot- 
tom gating techniques are permissible in castings of 
this type, whereas they may be quite unsuitable for 
castings having substantial vertical dimensions. 

The present studies show that air entrainment oc- 
curs in the vortex formed at the top of the sprue and 
at all points in the gating system from the runner box 
to the mold cavity where an abrupt change in direction 
or abrupt increase in cross-sectional area of the flow 
channel occurs. It is likely that, when using sand 
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molds, generation of gas pressure from mold gases will 
definitely accentuate this entrainment of gas into the 
liquid stream where abrupt changes in direction or in 
cross-sectional area of the flow stream occur. Gating 
design, therefore, should avoid such opportunities for 
gas entrainment and, at the same time, allow a decrease 
in flow velocity before the liquid enters the mold cav- 
ity. Figures 14 and 22 illustrate such a gating system, 
which will minimize air entrainment into the liquid 
flow stream and allow a 4:1 decrease in flow velocity in 
the runner. 

Even though the gating system from pouring box to 
mold cavity is properly designed, air will be entrained 
by the liquid stream through the vortex at the top of 
the sprue during the initial portion of the pouring 
operation. This vortex will not be removed until a 
sufficient head of liquid is maintained in the pouring 
box to eliminate it. In general, the height of this head 
required to eliminate the vortex increases with increas- 
ing rate of flow through the gating system and with the 
incorportion of a streamlined design at the top of the 
sprue, as illustrated by the data in Table 4. If this 
vortex is not eliminated by an adequate head of liquid 
in the pouring box, or if the entire mold is poured 
directly down the sprue, this vortex is not eliminated 
and the benefits of a good gating design will thereby be 
nullified. It is quite obvious that finite time will be 
required to fill the gating system and attain an ade- 
quate head of liquid in the pouring box to eliminate 
the vortex . However, this time should be minimized 
and the metal which enters the gating system during 
this period should be regarded as having inferior 
quality because of the entrained air and dross. In 
general, this damaged liquid should not enter the 
mold cavity. To minimize the quantity of this dam- 
aged metal, the following practices appear to be neces- 
sary or beneficial: 

1. Employment of a pouring box is mandatory and 
the liquid should be poured into it at the end opposite 
from the sprue, but care should be exercised that the 
liquid entering the pouring box does not, by the cas- 
cade effect, entrain air bubbles which do not escape 
and are, therefore, carried into the sprue. 

2. Ideally, the first liquid should not be permitted 
to pass into the mold cavity; therefore, to at least 
partially accomplish this, it appears desirable that the 
runner be placed in the drag with the gates connecting 
it to the mold cavity placed above in the cope. When 
this is done, it will be necessary to fill the runner en- 
tirely before any liquid enters the mold cavity. This 
arrangement of runner and gates illustrated by Fig. 22, 
has not yet been investigated experimentally. 

3. Devices should be used to facilitate rapid filling 
of the pouring box. Such devices are employment of 
a plug at the top of the sprue which can be removed 
or which will melt out in a short interval after the 
pouring box has been filled. Another device is employ- 
ment of a fusible plug or dam across the runner near 
the base of the sprue. This is not applicable to imper- 
meable molds because gas in the sprue will be trapped 
and forced to pass upward through the liquid in the 
sprue, thereby accentuating instead of minimizing gas 
entrainment. 
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In permeable molds, such as sand molds, however, 
this technique offers considerable promise as a means 
of reducing the time to fill the gating system and 
eliminate the vortex at the top of the sprue. 


Future Work 


Future work on this project will include continua- 
tion of study of gating systems for castings having rela- 
tively small vertical dimensions, but substantial lateral 
dimensions. After this has been completed, studies 
will be undertaken for the design of gating systems 
for castings having a substantial vertical dimension. 
Work on the continuation of the present phase of the 
investigation will include a fuller evaluation of the 
gating system, illustrated by Fig. 14 and 22, and other 
methods of avoiding entrance of damaged liquid into 
the mold cavity. 
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NINTH ANNUAL REPORT ON INVESTIGATION OF PROPERTIES 
OF STEEL SANDS AT ELEVATED TEMPERATURES 


John P. Fraser* and Peter E. Kyle** 


Preface by Chairman C. B. Jenni 


THE NINTH ANNUAL REPORT of research on the be- 
havior of steel foundry sands at elevated temperatures 
covers work done during the year 1948-49 at Cornell 
University. The investigations covered in this report 
were conducted by John P. Fraser, A.F.S. Investigator, 
under the direction of Prof. Peter E. Kyle. The Steel 
Sand Subcommittee of the Committee on the Physical 
Properties of Foundry Sands at Elevated Tempera- 
tures outlined the program for the investigation; and 
through frequent meetings and by correspondence, 
kept in close contact with the project. 

The research work as outlined by the Steel Sand 
Subcommittee covers a three-fold program. 

1. A fundamental study of the behavior of 
molding sands on heating and cooling and 
the effect of time on the reactions. 

2. A critical study of the expansion-con- 
traction characteristics of molding sands. 

3. A critical study of the determination of 
hot compressive strength with the view of es- 
tablishing a tentative test procedure. 

The Committee proceeded on the basis that it is 
necessary that the fundamentals be established before 
the industry can attack its problems successfully. To 
obtain information of practical value, suitable tools 
and techniques must be developed. The work at Cor- 
nell has now progressed through this stage on com- 
pressive strength testing, and much progress has been 
made in the development of expansion techniques. 

The work thus far indicates that hot compressive 
strength characteristics are functions of furnace tem- 
peratures and exposure time, and that these character- 
istics in themselves are not sufficient to solve any given 
foundry problem. It is believed, however, that this in- 
formation combined with load-deformation character- 
istics and expansion characteristics will be of value. 
A knowledge of the temperature distribution away 
from the mold-metal interface will also be of value. 


* A.F.S. Investigator, Cornell University, Ithaca, N. Y. 
** Professor of Metallurgy and Assistant Director, School of 
Chemical and Metallurgical Engineering, Cornell University 
| General Steel Castings Corp., Eddystone, Pa. 
| A.F.S. Transactions, Vol. 56, p. 345 (1948) . 
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When we have more information on these funda- 
mental characteristics, we will be better enabled to 
analyze casting defects such as buckles, drops, scabs, 
rat-tails, cuts or washes, and veining in relation to 
molding sand properties. 

The painstaking work of past years has given us 
much good information, and has indicated certain 
channels of approach. Our course has now been 
charted, and we are well on the way toward the 
achievement of our goal, namely, the application of 
information gained by high temperature testing to the 
solution of the origin of foundry defects at the mold- 
metal interface. 

As Chairman of Sub-Committee 8-L, I wish to 
express my sincere thanks to the members of the Com- 
mittee for their excellent cooperation; and to Dr. H. 
Ries and Prof. P. E. Kyle, Cornell University, for their 
guidance and interest in the work. Our Special Inves- 
tigator on the project, John P. Fraser, has shown much 
interest in the work and has rendered excellent service 
to the committee. 

Members of the sub-committee are: 

Clyde B. Jenni, Chairman Peter E. Kyle 
Hobart N. Kraner, Vice Chairman Robert E. Morey 
Charles W. Briggs John Rassenfoss 
Harry W. Dietert Howard F. Taylor 
Douglas C. Williams 
Respectfully submitted, 
Crype B. JENNI, Chairman. 


Introduction 


THIs REPORT COVERS the work on the Sand Re- 
search Project sponsored by the Sand Division of the 
American Foundrymen’s Society which has been 
completed during 1948-1949 at Cornell University. 
Part I summarizes the hot compressive strength 
characteristic of two sand mixtures over a wide range 
of temperatures and exposure times. Some of these 
data were included in the Eighth Annual Report.t+ 
Part II includes the results to date on the free expan- 
sion characteristics of one of these sand mixtures, 
both under slow heating and under shock heating 
conditions. 

Those associated with the project at Cornell wish to 
acknowledge the helpful suggestions by the Sand 





PROPERTIES OF STEEL SANDS AT ELEVATED TEMPERATURE 


HOT COMPRESSIVE 
VS.EXPOSURE TIME 


5% MOISTURE 
OILATOMETER | 


4% WESTERN BENTONITE NO. 5 
1-8" GREEN SPECIMENS 


SAND SHIPMENT NO. 3 


TEMPERATURES: 
i100 


TIME, MINUTES 


Fig. 1 





Ti 
| 
| 




















a ae 
| 


HOT COMPRESSIVE. STRENGTH 
| VS. TEMPERATURE 


Ee 





~ 


4% WESTERN BENTONITE NO 5 
5% MOISTURE SAND SHIPMENT NO. 3 











|-1/8" GREEN SPECIMENS - DILATOME TER 





| ” i 
——°—>_ 4 MINJTES EXPOSURE TIME 


.-% 


. 








-+ 8 
10 














HOT COMPRESSIVE STRENGTH, PSi 





r 15 
-> 20 


























30 
a oe 





| 
T 
| 





7 ee ae 


| 
| 

















000 1100 (200 1300 1400 1500 1600 1700 


1800 2000 2100 2200 2300 2400 2500 


TEMPERATURE, 


Division, Committee on Physical Properties of Stl 
Foundry Sands at Elevated Temperatures, C. B. 
Jenni,t Chairman, and the advice given by Dr. H. 
Ries, Chairman of the Sand Division. In addition, 
the Sand Research Project is indebted to the New Jer- 
sey Silica Sand Co., to Eastern Clay Products, Inc., and 
to the American Colloid Co., who donated all of the 
raw materials used in this investigation. 


Fig. 2 


PART | 
Hot Compressive Strength Studies 


Introduction—In the Eighth Annual Report, a 
limited amount of data was presented on the hot 
compressive strength characteristics of a number of 
different sand mixtures as functions of furnace tem- 
perature; and in addition, a start was made towards 
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showing the hot compressive strength relationship as 
a function of exposure time at a given furnace tem- 
perature. This study has now been completed for 
two of these sands and the results are detailed below. 
It should be cautioned that this study has been con- 
ducted more to show the type of data which can be 
obtained than to provide a complete answer to any 
specific foundry problem. Although important in the 


solution of problems relating to casting defects, it 


is felt that other information, such as the expansion 
and load-deformation characteristics of the sand, is 
also needed. 

Experimental Work—All of the available hot com- 
pressive strength data on the 4 per cent Western 
Bentonite No. 5; 5 per cent Moisture mixture are 
shown in Fig. 1 to 3; and that for the 10 per cent 
Fire Clay No. 7; 5 per cent Moisture mixture are 
shown in Fig. 4 to 6. The sand used is from shipment 
No. 3, whose sieve analysis is shown in Fig. 7. The 
green properties of the 4 per cent Western Bentonite 
No. 5 and the 10 per cent Fire Clay No. 7 mixtures, 
both using sand from shipment No. 3 are shown in 
Fig. 8. 

The hot compressive strength relationships for each 
mixture are shown in each of three different ways, 
Fig. 1 and 4 showing the strength vs time relation- 
ships at different furnace temperature levels, Fig. 2 
and 5 showing the strength vs temperature relation- 
ships at different exposure times, and Fig. 3 and 6 
showing hot compressive strength contours as func- 
tions of exposure time and furnace temperature. In 
Fig. 1 to 6, each data point given represents tests made 
on at least five test specimens from each of two 
separate batches of the same mixture. 

In general, it can be said that the strength of the 
sand mixture rises with increasing temperature to a 
maximum at a temperature characteristic of the clay 
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bond, after which the strength drops with increasing 
temperature. Thus, at a furnace temperature higher 
than the peak-strength temperature, the strength will 
first increase with exposure time, as the sand becomes 
heated throughout, and then drop off as the sand 
becomes still hotter. Still later, at greater exposure 
times, the strength again increases with’ exposure 
time, although the reason for this is not yet clear. 
An example of this behavior is the curve at 2200 F in 
Fig. 4. 

Practical Applications—As mentioned above, the 
hot compressive strength characteristics of a sand are 
not, in themselves, believed to be solely responsible 
for any casting defect. If the load-deformation and 
expansion characteristics are known, however, it is 
believed that a combination of this information plus 
a knowledge of the temperature distribution away 
from the mold-metal interface as a function of time 
will suffice. For instance, with this information, it 
is possible to determine whether or not the expan- 
sion of a sand due to temperature may exceed its 
inherent ability to deform under load; and if such a 
condition should arise, a casting defect would result. 
As an example, if all the sand in a layer about |4-in. 
thick should expand beyond the allowable limits set 
up by the load-deformation characteristics of the sand 
in that temperature range, it is probable that this 
layer would buckle away from the bulk of the sand. 
Other casting defects such as drops, scabs, rattails, 
cuts or washes, and veining could be similarly 
analyzed. 

In the absence of load-deformation data, it is felt 
that information on the hot compressive strength 
characteristics of a sand mixture can be used, al- 
though only in a qualitative fashion. At any tempera- 
ture up to the peak strength temperature, it is 
believed that the initial portions of the load-deforma- 





COMPRECCIVE CTRENCTH PCI 


WOT 


| P, FRASER AND P. E- KYLE 








| | 


























—_—___—— areas oe Fe! £235) a 


HOT COMPRESSIVE STRENGTH | 
VS. TEMPERATURE 


— 4 


—_—_—_—_— — —t _ — = . — 
10% FIRE CLAY NO. 7 i-1/8" GREEN mune 
5% MOISTURE ___OILATOMETER 
SAND SHIPMENT NO. 3 | 











| 














4 
z 


+o— |4 MINUTES EXPOSURE 








| 


























a 
r 
e 
oO 
r 4 
W 
c 
rom 
” 
us 
> 
79) 
” 
W 
x 
2 
Oo 





8 








HOT 




































































M00 1100 1200 OO 400 B 


1600 (700 \ 
TEMPERATURE, F 


Fig. 5 








PROPERTIES OF STEEL SANDS AT ELEVATED "TEMPERATURES 








| 





— 


EXPOSURE TIME 
VS. TEMPERATURE 


"THOT COMPRESSIVE STRENGTH an ate 
10% FIRE CLAY NO. 7 

____| 5 % MOISTURE 
SAND | 


an NO. 8 














{ 





S 


& 





| 
| 
| 
| 
| 
| 
| 
| 
| 








‘ae 
| 














See's Ue | 


, I-18" GREEN SPECIMENS 


METER 





a 




















EXPOSURE TIME, MINUTES 














300 1400 


| 
I500 











| | 
1600 1700 1800 1900 





























2000 = 2100 











TEMPERATURE. °F. 
Fig. 6 








AINncn 


WEIGHT PER CENT PCT 


GREEN COMPRESSIVE STRENGTH. PSI 





. FRASER AND P. E- KYLE 






































| 
| 
| 
| 
T 


| 
| 




















SIEVE ANALYSIS 
OF Nu. *60 SAND 


ae ee oe 











EIGHT PER CENT RETAINED 






























































| } T ' + T i 





' GREEN PROPERTIES OF Nu. *60 
WITH 4% WESTERN BENTONITE AND WITH 10% FIRE CLAY (NO. 7) 





5 














B 


IVE STRENGTH PSI 


3 





Pe NO a | 











pp HF 


= : 


T 


8 


+ 
} 
| 
| 
+ 
| 
| 
| 
| 


; rau a 








GREEN COMPRES: 
@ 


fo9) 




















GREEN 
ae 


| 
| 























3 4 5 € 
WEIGHT PER CENT MOISTURE 


tion curves are quite similar; or in other words, the 
compressive strength at break is roughly proportional 
to the maximum deformation under load. Above the 
peak-strength temperature, and as the sand becomes 
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still hotter, increasing amounts of plastic flow of the 
clay bond take place, so that the maximum deforma- 
tion for a given ultimate compressive strength is much 
larger than below the peak strength temperature. 
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PART Il 
Expansion Characteristics 


Previous Test Methods—It has been brought ou 
above that the expansion characteristics of a sand ar 
vital in determining its behavior in a mold. A 
number of different systems have been proposed foi 
the measurement of the expansion and contraction 


characteristics of foundry sands, most of which use 


mechanical measuring systems, although two differen: 
optical systems have been tried. Specimens have been 
tested both “confined,” by ramming the specimet in 
place in a fused quartz protection tube, and “free”; 
horizontal as well as vertical specimens have been 
used; and both slow and shock heating have been 
tried. In general, however, regardless of the measur- 
ing technique used, on slow heating all sands show 
the expansion vs temperature characteristics of 
quartz, up to temperatures on the order of 1500 F or 
higher. This is to be expected, since the silica sand 
grains usually constitute between 80 and 96 per cent 
of the total solids present in the sand. At more 
elevated temperatures, the clay bond will usually 
contract; but it may expand again as the temperature 
is raised stil] higher due to bloating, transformations 
or reactions in the crystalline phases, or opening of 
the laminations of the clay. The total contraction or 
expansion effect due to the clay, however, would be 
expected to be small, again taking into account the 
relative volumes of sand and clay present. A more 
important effect at very high temperatures is that the 
clay bond will start to soften, becoming less and less 
viscous as the temperature is raised; and at tempera- 
tures in the neighborhood of 2500 F, many sands will 
be soft enough to slump under their own weight. For 
this reason, most of the expansion and contraction 
tests made at very elevated temperatures would seem 
to indicate the softening or plastic properties of the 
mixture, rather than the actual expansion and/or 
contraction, especially if a mechanical measuring 
system has been used. 


Present Test Method—In order to eliminate, if pos- 
sible, any outside forces acting on the expansion 
specimens, an optical measuring system has been 
devised; and in addition, in order to minimize the 
effects of slumping of the specimen under its own 
weight, a long, horizontal specimen is used. The 
large research furnace at Cornell has been modified 
as shown in Fig. 9 so that specimens up to 8 in. long 
can be accurately observed. 

The measuring device consists of a telescope, with 
fixed vertical crosshairs, mounted on a movable 
carriage (Fig. 10). An Ames dial gage is fixed at each 
end of the carriage travel, and each is graduated in 
thousandths over a 0.75-in. range. The length of the 
specimen at any time is measured by sighting first on 
one end of the specimen and recording the dial gage 
reading. A similar reading is taken on the other end 
of the specimen as soon as possible. By knowing the 
distance between the contact points of the dial gages 
when each reads zero, it is possible to compute the 
exact length of the specimen. 

The specimens are prepared in a l1-in. by 1-in. by 
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press, shown in Fig. 11, to a press pressure of 630 psi, 
which gives an average mold hardness number of 70.1. 
This compares with an average mold hardness 
number of 67.5 for 1-14 in. diameter by 2-in. long 
specimens, made of the same sand, used in the hot 
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compressive strength tests. The sand is added to the 
expansion-specimen mold in four approximately equal 
portions; and after each addition, the sand is leveled 
by means of a small flat rake in an effort to produce 
a completely uniform specimen. 

The test specimens are supported by a smooth- 
surfaced zirconite brick and are separated from the 
brick surface by a thin layer of zirconite sand in order 
that friction between the specimen and the support- 
ing brick will be kept to a minimum. 


Test Results and Discussion 


The results of five different series of tests, made on 
the 10 per cent Fire Clay No. 7; 5 per cent Moisture 
mixture, are shown in Fig. 12 through 16. The series 
are as follows: 

1. Essentially equilibrium heating, at a rate of 
about 1 F per min. 

2. Heating at a rate of about 15 F per min, repre- 
senting an intermediate heating rate 

3. Shock heating at a furnace temperature of 
1500 F 

4. Shock heating at a furnace temperature of 
2000 F 

5. Shock heating at a furnace temperature of 
2500 F 

Under slow heating conditions, shown in Fig. 12 
and 13, the expansion vs temperature relationship is 
essentially that of quartz, up to a furnace temperature 
of about 2000 F. The a- to @-quartz transformation 
at 1063 F shows up quite sharply under nearly- 
quilibrium heating rates (see Fig. 12), although the 
inversion seems to be metastable at higher heating 
rates (see Fig. 13). It should be pointed out that part 
of the seeming metastability, however, is due to the 
difference in temperature between the furnace and 
the center of the specimen. At temperatures above 
about 2000 F, two effects set in, the first being the 
inversion of quartz to cristobalite, which involves a 
fairly large volume increase, and the second being the 
softening of the clay bond. When the bond has 
become soft enough so that the specimen will slump 
under its own weight, an apparent expansion will 
result. It should be pointed out that such slumping, 
in the usual expansion test, would appear as a con- 
traction rather than an expansion. As expected, the 
slumping action is a function of time, so that more 
apparent expansion takes place under equilibrium 
heating than at the faster, intermediate rates. It 
should be noted that no effect of clay contraction is 
observed, probably because the proportion of clay is 
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small relative to that of the sand, and also because 
any contraction may be masked by the effects of 
slumping and the quartz-to-cristobalite inversion. 

Typical curves showing the expansion vs time 
relationship under shock heating conditions are 
shown in Fig. 14. At first, the observed expansion is 
extremely rapid, due to the rapid heating rate. This 
rapid expansion continues until the whole specimen 
is well above the temperature for the a- to #-quartz 
inversion and then abruptly slows down and usually 
stops. —The maximum expansion for the 10 per cent 
Fire Clay No. 7; 5 per cent Moisture mixture at any 
given furnace temperature is above that for equi- 
librium heating, as shown in Fig. 15. The exposure 
time to the “knee” of the curve, when the rate of 
expansion abruptly slows down, is shown in Fig. 16; 
and the time decreases with increasing furnace tem- 
perature. This appears to be due to the much higher 
rates of heating observed at high furnace tempera- 
tures. 

When subjected to shock heating, the total expan- 
sion at all of the furnace temperatures used is greater 
than that for the slow heating, and the difference in- 
creases with temperature to as much as 150 per cent 
greater expansion at 2500 F for shock heating as com- 
pared with slow heating. This was originally thought 
to be due to flash vaporization of the temper moisture, 
but experiments using dried specimens shows that 
this does not account for all of the discrepancy. It is 
now believed that explosive loss of the water of 
crystallization of the clay substance is responsible for 
the majority of the extra expansion. Microscopical 
examination of sand grains in the surface of speci- 
mens shock heated to 2200 F indicates that fracturing 
of the silica grains is not one of the causes. 


PART Ill 
Summary 


Data has been presented on the hot compressive 
strength characteristics of two steel sand mixtures, 
as functions both of furnace temperature and of ex- 
posure time. It is felt that such data, while extremely 
useful in evaluating a sand for use in a foundry, is 
not in itself sufficient to solve any problems except in 
a qualitative fashion. Further information, such as 
the load-deformation and the expansion character- 
istics of a sand are also required. Preliminary data is 
presented on the expansion characteristics of the 10 
per cent Fire Clay; 5 per cent Moisture mixture when 
the specimen tested is completely unconfined by the 
measuring system. 





COMPARATIVE SOLIDIFICATION STUDIES 


By 


Victor Paschkis* 


ABSTRACT 


Solidification rates of various shapes cast in sand were com- 
pared. Ratios of solidification times for the different shapes are 
not significantly changed by change of conductivity or specific 
heat of the steel. Two figures (Fig. 19 and 20) are presented sum- 
marizing the work. In these figures the ratios of solidification 
time of a slab to that of a cylinder and of solidification time of a 
slab to that of a sphere respectively are plotted against relative 
positions (surface, half thickness, center, etc.). Curves are given 
for five different degrees of superheat. 


Review of Previous Work 


‘THIS IS THE FOURTH REPORT of the Heat and 
Mass Flow Analyzer Laboratory regarding solidifica- 
tion of steel. Inasmuch as the programs are arranged 
systematically so as to eventually cover the entire field 
of heat transfer in solidification, it is well to review 
briefly the work previously performed and reported. 
The first step! consisted in comparing predicted pro- 
gress of solidification of a slab with the progress ob- 
served in systematic bleeding tests, dumping partly 
solidified castings and correlating the frozen thickness 
and time. It was found that the analyzer yielded cor- 
rect results in the case of sand castings. For casting 
against a chill the rate of solidification depends upon 
the time at which the casting shrinks away from the 
chill (“time of air gap formation,” or, more briefly, 
“air gap time”). The actual air gap time for any cast- 
ing is not known. But a law of air gap time vs thickness 
was found which, when consistently applied, yielded 
solidification times consistent with the bleeding tests. 
In the next step? the influence of the different vari- 
ables (conductivity, specific heat, etc.) on the solidifi- 
cation rate was established, and the predominant im- 
portance of the pouring temperature was found. 
The third step? included for the first time work on 
shapes other than slabs. Previous results of Briggs’ 
work‘ obtained by bleeding tests were analyzed and 
compared with analyzer results. When the pouring 
temperatures, as uséd by Briggs, were taken as a basis 
for the analysis, good correlation was obtained. 


* Technical Director, Heat and Mass Flow Analyzer Labora- 
tory, Columbia University, New York. 
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Basis of Present Work 


All work so far has been devoted to determination of 
solidification rates for specific cases. It appeared desir- 
able to develop curves of a more general nature. H. A. 
Schwartz suggested to compare solidification rates of 
bodies of various shapes, rather than to determine ab- 
solute solidification times. From the nature of such 
comparative curves it also follows that they can be 
used to compare solidification of bodies having the 
same shape but a different size. 

Comparison of solidification rates for different 
shapes has great practical significance: gating and feed- 
ing can be designed more logically if the relative rates 
of solidification of different parts of the casting are 
known, i. e., if it is known that any one part of a cast- 
ing will take n times as long to solidify as another speci- 
fic part. 

It has been suggested that the rate of solidification 
of bodies of various shapes is proportional to their ra- 

volume i : 
tios ———————— ._ Tentatively it must be stated that 
surface area 
such a simplification is not possible. However, it is too 
early to make this statement quite positive: the con- 
clusion is so far based on certain simplifying assump- 
tions and it is possible that, if they are dropped, a 
volume 


general relationship based on the ratio 


surface area 
may yet be found valid at least within limited ranges. 

The mathematical treatment of heat flow in the 
center of a large slab perpendicular to its surface, 
radial heat flow in a long cylinder (no end effects) and 
radial heat flow in a sphere are similar; although in 
cylinders and spheres heat flow is two and three di- 
mensional, respectively, the mathematical treatment 
is of one dimensional nature. The work covered 
by this report was on such one-dimensional shapes; 
i. e., the end effect of slabs and cylinders was not 
taken into consideration. Yet it is possible to determine 

volume : 
—_—__——— ratios. For the three shapes these ratios, 
surface area 
henceforth called S (shape factor), have the follow- 
ing proportionalities: 

Ssiap: Sesmater Gunine — 1: 1/2: ] /3 
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Fig. 3 


See Appendix I for derivation. 

Actual slabs or cylinders are of finite length and 
their § values are closer to that of the sphere than the 
S values shown above for work with no end effects. It 
is conceivable that over a more limited range of S than 
1: | /3 approximate relationship between solidification 
range and S$ may be found. 

The solidification curves presented hereafter hold 
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for more than one specific steel. As long as the various 
properties influencing the rate of solidification? are 
in a certain relationship, progress of solidification is 
unchanged. Moreover a variation of these properties 
can be definitely related to size and solidification 
time. 

To dispose first of the latter relationship: if several 
castings of the same shape and material but of differ- 








102 


ent size are poured at the same temperature, then the 
solidification time is proportional to the square of the 
thickness. This proportionality also holds for points 
other than the center and is predicated only on the re- 
quirement of a “sufficient mold;” i. e., a mold with a 
sand layer thick enough to prevent an appreciable tem- 
perature rise of the outside surface during the time of 
solidification. 

Example: The center of a cylindrical casting of 2-in. 
diameter and of a certain material requires 190 sec to 
reach solidification. ‘Then a cylinder of 4-in. diameter 
of the same material, poured at the same temperature, 


4 
requires (+) 2 x 190 = 760 sec. Similarly if in the 


2-in. cylinder solidification up to a radius of | in. takes 
110 sec, then’solidification to the corresponding point 


4 
in the 4-in. cylinder takes (=) 2x 110 = 440 sec. 


The corresponding point is the 2-in radius (4/2 X 1 
z= 2). 

Correlation of solidification times with the thermal 
properties makes it possible to use the same curves for 
different materials. ‘This is explained in Appendix II 
with reference to dimensionless parameters F,; — Fy. 
Suffice it here to say that the relative positions n are 
plotted as abscissas. The relative position is the ratio 
(distance from the surface to the point of observation) 
/ (critical dimensions) —the critical dimension is ra- 
dius of cylinder or sphere or half thickness of slab. 
For example, in a cylinder n = 0.6 indicates a point 
whose radial distance from the surface is 0.6 the radius 
of the cylinder, or 1 — 0.6 = 0.4 of the radius when 
measured from the center. For the ordinates two scales 
are used. The left scale is dimensionless and gives the 
values of Ny, (see Appendix II) , whereas the right is 
shown in min/sq in. and refers only to the steel de- 
scribed below. For a given material and given thick- 
ness Ny, is proportional to the time elapsed after 
pouring. 

The value of Ny, is, as said, dimensionless. To ex- 
plain this, consider a slab. Say that it is made of a 
material with a thermal conductivity k — 20 Btu/ft, 
hr,F, a specific heat of 0.18 Btu/lb,F and a density of 
450 lb/cu ft. This casting is 1 ft thick. Then a time 
54 min = 0.9 hr after pouring is equivalent to a di- 
mensionless time Np, = 0.9 « 20/ (0.18 450 1%) 
== @.222. 

The dimensionless time scale can be used, without 
reference to properties of the steel, to compare solidi- 
fication times of spheres, slabs, and cylinders. The 
necessary technique is explained below. 

The right scales of all figures refer to steel and sand 
with the following properties: 

Thermal conductivity: liquid steel— 9.2 Btu/ft hr,F 
solid steel—18.4 Btu/ft hr,F 

sand— 0.9 Btu/ft hr,F 

Volumetric specific heat: liquid steel—90.0 Btu/cu ft,F 
(0.2 Btu/lb,F x 450 Ib/cu ft) 

solid steel—77.2 Btu/cu ft,F 

(0.165 Btu/lb,F x 468 Ib/cu ft) 

sand—26.2 Btu/cu ft,F 

(0.28 Btu/lb,F x 93.6 lb/cu ft) 
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Heat of fusion: 126.2 Btu/lb 
Solidification Range, Fig. 1, 3, 5: 2750 F — 2640 F 
Fig. 2, 4, 6: 2750 F — 2695 F 


Initial sand temperature: 70 F 
Experimental Results 


Standard Parameters—The first group of experi- 
ments was carried out for the same conductivity and 
specific heat values used in previous work.':? The re- 
sults are presented in 
Fig. 1 (2750-2640) and Fig. 4 (2750-2695) for slabs 


Fig. 2 : and Fig. 5 for cylinders 
Fig. 3 af and Fig. 6 * for spheres 
The figures in parentheses refer to the solidification 
range. 


The dimensionless parameters (see Appendix II) for 
these curves are as shown in Table 1. This table shows 
the value of certain parameters which have the follow- 
ing meaning: 

The value F, may be obtained by dividing the liquid 
thermal conductivity by the value of the solid con- 
ductivity. 

The value F; may be found by dividing the liquid 
volumetric specific heat by the solid value. (Volumetric 
specific heat, in turn, is the product of specific heat x 
density.) 

The value F, is indicative of the insulating value of 
the sand and is found by dividing the thermal conduc- 
tivity of the liquid steel by that of the sand. 

The value F;, similarly, is a measure of the heat 
storage capacity of the sand and is found by dividing 
the value of volumetric specific heat of the liquid steel 
to that of the sand. i 

The value Fg is a measure of the heat content lib- 
erated during solidification and is shown by the ratio 
of the heat of fusion to the product (specific heat of 
the liquid steel solidification range). 

The value F;, finally, is an indication of the spread 
of the solidification range and is found by dividing 
the liquidus temperature by the difference between 
liquidus and solidus temperature. 


TABLE 1—VALUES IN DIMENSIONLESS PARAMETERS 
UseEp IN Fic. 1 To 6 





For Fig. 1, 2, 3 For Fig. 4, 5, 6 





F, 0.5 0.5 
F; [37 1.17 
F, 10.22 10.22 
F; 3.435 3.435 
F, 5.74 11.47 
F; 25.0 + 50.0 





Deviations from standard properties—It would of 
course be desirable to have curves similar to those pre- 
sented in Fig. 1 to 6 for materials having properties 
different from those listed above. As far as dimension- 
less parameters are concerned, this would mean taking 
curves with different values for F, to F;. The number 
of charts required, if six variables were systematically 
explored over a wide range, would be impractical. 
Therefore it was decided to investigate only such a 
range of each of these variables as to cover possible 
variations for different steels, not other materials how- 
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ever. All of these curves were taken for a solidification TABLE 2—VALUES OF PROPERTIES AND DIMENSIONLESS 
range of 2750 F to 2640 F, or F; = 25. PARAMETERS USED IN Fic. 7 To 18 
Ihe volumetric specific heat (in Btu/cu ft,F) ab- ___ Figures for 
breviated cp, and the thermal conductivity (in Btu kK gm HB F Fe Slab Cylinder Sphere 
E , : * s &€© = Ae ees = 
ft,hr,F), abbreviated k were changed according to Table TLO4 108" 12.26 4.12 4.78 ’ uM 5 
° TI , BSG, Jets Segoe 11.04 72 12.26 2.75 7.17 . 12 16 
2. The values refer to the “liquid” state; the “solid 735 108 8.18 4.12 4.78 9 13 17 
values were changed proportionally. 7.35 72 8.18 2.75 7.17 10 14 18 
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Besides the values for direct readings ‘Table 2 contains 
the values of those parameters which are influenced by 
the change of properties and finally the number of the 
drawings in which the results are presented. 

The results must be viewed from two 
angles: first, how does the change in properties in- 
fluence the results for a given shape; i. e., how do Fig. 
7 to 10 compare with Fig. 1; Fig. 11 to 14 with Fig. 2, 


different 
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and Fig. 15 to 18 with Fig. 3. The second and more 
important question is as to how the change in prop- 
erties influences a comparison of the shapes. In other 
words: is the ratio between two corresponding values of 
Fig. 7 and 15 the same as the ratio of the equivalent 
values in Fig. | to 3, etc. 

Influence of change of property for the same shape is 
quite large as may be seen from a comparison of the 
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right sides of the corresponding drawings. By com- 
paring the dimensionless parameters (left scales) a 
misleading picture is obtained: if conductivity is 
changed in one direction (e. g., increased) and the 
volumetric specific heat changed in the other direction 
(ec. g., decreased) , then the values of the dimension- 
less ordinates Ny, change at a smaller rate than the 
actual values (min/sq in.). However, the differences 
become larger, when transforming the dimensionless 
units into actual ones, because the alpha, a, value is 
different for the different charts. 

The following figures will illustrate what is meant. 
Compare the time it takes for two 8-in. diameter cyl- 
inders of great length (no end effect) to solidify to a 
radius of 2 in. (mn == (2)/ (8/2) = 0.5). One cylinder 
has a value of k = 9.2 Btu/ft,hr,F; and a value of 
(Cip1):. = 90 Btu/cu £t,F; the corresponding values of 
the other cylinder are kz = 11.04 and (Cop2), = 72 
respectively. Solidification range in either case is 2750- 
2640, and the pouring temperature is 3049 F. For n = 
0.5, and F, — 0.9 and F; = 25 one would read 

From Fig. 2—(Nyo); = 0.278 

From Fig. 12—(Ny,) ; == 0.208. 

The dimensionless solidification times are in the 
ratio 1: 1.336. In order to find the actual solidification 
times multiply Ny, by 16 (=—4") and divide by the 
value of a. 

Now a; = 9.2/90 = 0.1022 sq ft/hr= 0.245 sq in./min 
and as 11.04/72 = 0.1528 sq ft /hr—0.367 sq in./min 


16 x 0.27 ‘ 
hence, t; = ~~“ ——_— = 18.15 min 

16 x 0.208 
and t=- 0.367 


The ratio of the actual solidification times is 1:2.01 
as against 1:1.336 for the dimensionless times. 

In order to study the influence of the properties on 
the relative solidification of various shapes, tables were 
set up in which the values of Ny, were correlated with 
four different values of n (1.0; 0.75; 0.5; 0.25) for all 
curves (all values of F,) of each chart. For example, 
for n = 0.75, F, = 0.90 

Ny, = 0.68 for the slab 

0.28 for the cylinder 

0.19 for the sphere 
Then, for every pair of values of n and F, the ratio of 
the values of Ny, for slab/cylinder and slab /sphere 
respectively were formed. For example: 

The ratio 0.68/0.28 — 2.42 

The ratio 0.68 /0.19 = 3.58 
for standard properties (Fig. | to 3). Similarly if the 
values Ny, are now read for slab, cylinder and 
sphere for a different set of properties, e. g., for in- 
creased conductivity and increased specific heat, one 


= 9.07 min 


finds: 
Ny, = 0.82 for the slab (Fig. 7) 
0.364 for the cylinder (Fig. 11) 
().234 for the sphere (Fig. 15) 
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The ratios are: 
0.82/0.364 == 2.24 
0.82/0.234 = 3.50 

Obviously the ratios for slab/cylinder (2.42 vs 2.24) 
and for slab/sphere (3.58 vs 3.50) differ little. In fact, 
it was found that for any set of property values (con- 
ductivity, specific heat, pouring temperature, etc.) the 
ratios of Ny, values (Ny, slab/N», cylinder and Ny, 
slab/Ny, sphere) do not differ more than 10 per cent 
and in most instances much less. This is an important 
finding. It means that for practical use in steel casting 
it is sufficient to consult Fig. 1 to 6, in order to find 
relative solidification rates, and that it is not necessary 
to use for this purpose Fig. 7 to 18. In other words, 
the ratios of solidification times are independent of the 
thermal properties within the range under considera- 
tion. 

The average ratios (Ny, of slab)/ (Ny, of cylinder) 
and (Nx, of slab) / (Ny of sphere) are plotted in Fig. 
19 and 20 respectively against the relative position 
values n. The figures contain considerable informa- 
tion condensed to a small space. The ordinates are a 
measure of how fast a slab freezes in comparison with 
a cylinder (Fig. 19) or in comparison with a sphere 
(Fig. 20). The abscissa (horizontal axis) indicates the 
position in the casting; n = 0 is the surface and n = 1 
is the center. Each curve holds for a.different pouring 
temperaure—or, because the solidification temperature 
is the same, for a different degree of superheat. Near 
the surface the degree of superheat influences the rela- 
tive solidification times more than near the center. 

A paper by Chvorinoff® has raised considerable in- 
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terest. Chvorinoff claims that two castings of the same 
material solidify at the same time if their ratio volume / 
surface area are the same. In fact he presents a grap 1 
in which the solidification time is plotted against this 
ratio. Caine® reproduces Chvorinoff’s graph as Fig. | 
in his paper. In the author’s discussion to Caine s 
paper it was pointed out that Chvorinoff based his 
statement on the work that Briggs and Gezelius* had 
done; in which, however, solidification times for vari- 
ous pouring temperatures were averaged. It has been 
pointed out in a previous paper that this averaging is 
not permissible. 
In order to disprove Chvorinoff’s claims Fig. 21 is 
_ volume 
shown. Ratios, aay OP plotted as abscissas; the 
ratios are expressed in inches. Complete solidification 
times are plotted as ordinates." The term “complete 
solidification time” is here used for the time required 
for the center temperature to drop from the value at 
pouring to the liquidus. Six curves are shown: two 
each for a slab, a cylinder and a sphere. The solid lines 
hold for a pouring temperature of 3049 F and the 
broken lines for a pouring temperature of 2862 F. All 
curves hold for a steel as previously described in this 
paper. From this graph it may be seen that solidifica- 
tion for a given ratio volume/area depends on the 
shape (slab, cylinder, sphere) as well as on the degree 
of superheat. 
APPENDIX | 
, volume 
The shape factor S is defined by the ratio—————— , 
surface area 

In the following, V will denote volume, A surface 
area, D the diameter of a sphere or a cylinder or the 
thickness of a slab, L the length of a finite cylinder or 
slab, and W the width of the latter. The values of V, 
A and § for various shapes are tabulated below: 





Relative 
Value of 
Shape V A } 


Sphere aD*/6 aD" 





Long cylinder; 
no end effects qrD?.L/4 7DL 


Large slab; 
no end effects D.LW 2LW 


Cylinder with 7D? + 27rD* 
end effect aD*/4 4 
nD = 1.5_D* 


Cylinder with 27D? + 27D? 
end effect aD*/2 4 
L= 2D = 2.5_¢D* 


Cylinder with 
end effect aD*/8 
L=0.5D 


0.5_¢D? 4 2—D* 


Cube with 

side D 

Slab L—= W = 2D 
with end effect 


Slab with 
L:W:D = 1:2:3 D*/6 
with end effect 
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In this report the first three shapes of this: Table 
were compared with relative values of S as far apart as 
1:3., If slabs and cylinders had end effects the value of 
S would change and it is conceivable that solidification 
rates may be very similar for bodies having similar 
values of S. 


APPENDIX II 
In the dimensionless units the solidification time, t, 
(hours is related to the cfitical dimension, R, (radius 
of a sphere or a cylinder or the half-thickness of a slab) 
and the thermal diffusivity, a, by means of the so-called 
“Fourier-number,” abbreviated N yo. 


R2 
If a is expressed in sq ft/hr, ¢ in hours and R in feet, it 
is obvious that Ny, is dimensionless. 
The thermal diffusivity, a, is defined by Equation 2 


Cp 

where k is the thermal conductivity (Btu/ft,hr,F) and 
cp the volumetric specific heat (Btu/cu ft,F). The 
thickness (abscissa) is expressed by the relative posi- 
tion m, which is the ratio of the radial distance of a 
point from the surface to the critical dimension. The 
parameters for the individual curves indicate the super- 
heat by the ratio 

Fi =t—t 


t. - & 

Here ¢ indicate temperatures, characterized by the fol- 

lowing subscripts: 

p = pouring, o = initial sand, L = liquidus and 

s = solidus. 

The curves hold if the parameters noted in Tables | 

and 2 are not changed. These parameters are all di- 

mensionless. 

F, =k, /kg ratio of liquid to solid conductivity. A 
value of 14 is used throughout this work. 

F;= (cp)i/(Cp)s ratio of liquid to solid volumetric 
specific heat. Value 1.165 used throughout. this 
work. 

F, == k,/ks, ratio liquid to sand conductivity. 

F;= (Cp) 1/ (Cp) sq ratio liquid steel to sand volumetric 
specific heat. 

F, = HF/C, (t,-ts) ratio heat of fusion to specific heat 
(liquid steel) < solidification range. 

—=t,/(ty-ts) ratio liquidus temperature to the dif- 
ference liquidus-solidus temperatures. 
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DISCUSSION 


Chairman: W. K. Bock, National Malleable & Steel Castings 
Co., Cleveland. 

Co-Chairman: J. B. Caine, Sawbrook Steel Castings Co., Lock- 
land, Ohio. 

CHAIRMAN Bock: Do we understand the reason for using 
these dimensionless quantities? It is admittedly something be- 
sides just a mathematical trick. There is a reason behind it. 
On the right-hand side of Fig. 1 through 6 the units are given 
in min/sq in. In the Appendix, all the dimensions are in feet 
and hours. It is difficult to see at first reading where these 
minutes per square inch came from, having the larger units in 
the Appendix. 

Dr. Pascukis: As Chairman Bock pointed out, there is, of 
course, more to this dimensionless unit than a mathematical 
trick. The use of the dimensionless units permits us to put into 
one chart information which would otherwise take possibly 
nundreds of charts in order to permit sufficient interpolation. 
In a way of example consider any one of Fig. 3, 6, 15-18. On the 
right-hand side in the charts the units are min/sq in. If instead 
of that, we would have plotted charts directly in minutes, one 
would have to present one set of six charts for the 1-in. sphere, 
another set for the 2-in. sphere, a third set for the 4-in. sphere, 
and so on up to the largest practical value in which you would 
be interested and similarly, of course, for different shapes: By 
combining the units, and plotting min/sq in., one can reduce 
the number of charts into one set of six (Fig. 3, 6, 15-18) and 
still get the same degree of accuracy. 

The reason for plotting min/sq in. in the text while in the 
Appendix we used sq ft/hr or hr/sq ft is that we wanted to 
have units which are more in a common range, small values 
easy to remember and not extremely large or extremely small 
fractions. Obviously min/sq in. may be easily converted into 
hr/sq ft by dividing the min/sq in. by 8640. 

Co-CHAIRMAN CAINE: I would like to know what are these 
units, min/sq in. Square inches per minute means something 
to me, but minutes per square inch leaves me in a quandary. 

Dr. PASCHKIs: Minutes per square inch is sort of a ladder 
which you can use and in order to use it, you step on every 
rung of the ladder. The multiplying factor is the square of 
the radius. I cannot see in either minutes per square inch or 
square inch per minute something physically tangible. 

Co-CHAIRMAN CAINE: Is it possible to get a value from these 
charts that we can use? For instance, can we look at these 
charts and then for a given sphere or a given cylinder determine 
how that shape. is freezing? 

Dr. PascHkis: Yes, indeed. Let’s look at Fig. 3. This shows 
the minutes per square inch of which we are talking. If you 
want to know the progress of solidification for a given sphere, 
say of 3-in. diam proceed as follows: Take as first point, “What 
is the solidification time at the center?” A 3-in. diam has a 1.5- 
in. radius. The square of 1.5 is 2.25. Use the curve for the 
proper pouring temperature, e.g. 2805; read the ordinate scale 
on the right-hand side, 0.60; multiply this value by 0.60 by 2.25 
(the square of the radius). Thus we find 0.6 x 2.25 equals 1.35 
minutes as solidification time of the center. If you have a dif- 
ferent pouring temperature, you use the appropriate curve. 

Next, you may be interested to know the solidification time, 
not in the center, but halfway between surface and center. 
With a 3-in. sphere this is 0.75 in. below the surface. This point 
corresponds to a “relative position n” of 0.75/1.5 or 0.5, where 
1.5 is the radius of the sphere. Use again the curve for the 2805 
pouring temperature, read the ordinate for the abscissa n equals 
0.5. The ordinate is 0.41. This value is to be multiplied by the 
square of the radius: 0.41 x 2.25 equals 0.92. It takes 0.92 
minutes to solidify the outer shell of 0.75 in. of a 3-in. diam 
sphere. 

C. Locxe:* Even though you have minutes per square inch, 
that is still dimensionless, as I see it, because you are using it 
for a specific set of data in which the diffusivity is held constant. 
In other words, if you multiplied the ordinate values by the 
diffusivity for the given set of data, it would immediately switch 
over to the dimensionless ordinate. 

Dr. PAscukis: That is right. 

R. SCHNEIDEWIND:* I am referring to Fig. 1 to 3. It is recog- 
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nized that the use of the dimensionless value Ny, is a valuable 
and convenient device to correlate data on cooling rates against 
the relative position, n. If we refer to the top curve in Fig. 1, 
it is labeled t, = 3049 F and F, = 0.90. These data have been 
computed therefore on the basis on these labels. 

The Appendix defines F, — » the 
t,-t. 
column on page 102 gives the solidification as 2750 F-2650 
F. In order to obtain F, — 0.90, tg must be 2750 F and it would 
seem that t; — 2750 F for the entire curve even when the rela- 
tive position approaches this surface where the cooling rate may 
be rapid. The question is: Does the author assume that t;, for 
a given steel remains constant over a range of cooling rates? I 
am not too familiar with the solidification behavior of steel 
and ask whether the author has any experimental data to cor- 
roborate this. 

Experimental work done at the University of Michigan on 
tin, lead, antimony, various alloys of these and on gray irons 
would indicate that the temperature at which solidification starts 
is affected downward by increased rates of cooling (decreased 
section sizes) and the temperature at which solidification is 
complete is likewise affected. In the case of pure metals and 
eutectics where t; = t,, faster cooling rates caused solidification 
to take place not at a constant equilibrium temperature but 
over a range of temperatures below the equilibrium temperature. 

In a wedge-shaped casting about 12 in. long with over a 2-in. 
base and about 12-degree angle point poured of a gray iron mix, 
solidification at the butt end was complete at about the eutectic 
temperature of 2065 F. At the tip, the metal actually solidified 
at about 1800 F. In this class of material which at fast cooling 
rates is susceptible to great undercooling t; would not be con- 
stant. If a chart such as Fig. 1 were drawn for gray iron, tin, 
lead or lead-tin alloy would the curve be similar to the ones 
shown for steel? If t;, and t, can vary greatly for the last named 
materials factors F,, F, and F; would also vary with n. Or is it 
justifiable to use equilibrium freezing points in the computation 
of cooling rates? 

Dr. Pascukis: All the charts are computed with a constant 
value for the liquidus and for solidus temperature. There was 
some discussion before we got started on the study of heat 
transfer several years ago, as ta what properties we can select 
and inasmuch as very little was known about these changes of 
liquidus and solidus temperatures, with freezing rates, at least 
for steel, it was decided to work with constant properties. The 
values which Dr. Schneidewind gave are amazing. How was the 
temperature actually measured? I know it is extremely difficult 
to measure temperature of liquid metals correctly, and I would 
like to know how reliable the actual temperature measurements 
were. 

Dr. SCHNEIDEWIND: At that time the University of Michigan 
did not possess a high-speed recording thermocouple. A green 
sand mold was prepared for a wedge casting 2 in. thick at the 
butt end and possessing a 12-degiee taper. Thermocouples were 
inserted to the center of the casting at the tip and at five other 
stations toward the butt end. Six men were stationed at the six 
potentiometers, six others recorded the readings, and the thir- 
teenth man read the stop watch and directed when readings 
were to be taken. A plot of the time-temperature curves indi- 
cated the temperatures of solidification. 

In other portions of the research cooling rates were varied by 
using heated metal molds. By pouring 15 grams of molten iron 
into a mold contained in a furnace at 1800 F, for example, would 
induce solidification at about 1850 F or lower. The intent was 
to apply to the solidification process, the procedures used by Bain 
on austenitic transformation. Bain caused transformation to be 
accomplished at temperatures below the theoretical, equilibrium 
temperature of 1333 F. 


The top of the second 


A lead eutectic composition should produce eutectic crystals. 
If you undercool very rapidly so the actual freezing is perhaps 
300 degrees below the eutectic temperature, you will not only 
have eutectic, but also some lead-rich solid solution in addition. 
We have done this on alloys of antimony, where there is a 
peritectic and by sufficient undercooling, we have suppressed the 
peritectic entirely. 

We know definitely in a die-casting that the temperature of 
actual solidification is considerably below the equilibrium. Simi- 
larly the temperature of transformation of austenite is theoreti- 
cally 1333 F, but fast rates of cooling will make the actual 
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transformation go down to 400 F. 

N. JaAnco:* I might mention a not very well known pheno 
enon known as supercooling. I became interested in this 
number of years ago and attempted to accumulate a bibliograp 
and found that it was very meager. The principal sources ave 
one or two articles written in French, one in Russian and one 
in German; all this work was done before the war. The data 
shows a characteristic hump, a reduction in the freezing point 
temperature, and a quick boost in temperature as a solidification 
takes place. 

The work was very interesting to me, but I merely want to 
inject the thought that the phenomenon known as supercooling 
possibly can answer some of the questions asked. If a metal in 
the molten state is cooled under proper conditions, it will remain 
a liquid at temperatures considerably lower than normal. 

R. E. Kerr:* The statement was made on the degree of super- 
heat of the metal as being relatively unimportant, that the major 
consideration was the actua: pouring temperature of the casting. 
Is this true of all materials? 

Dr. Pascukis: The superheat and the pouring temperature, 
of course, go directly together. 

Mr. Kerr: Suppose you superheat and then hold the metal 
in the ladle thereby allowing it to cool before pouring? 

Dr. PAscukis: The degree of superheat is not the important 
thing. Solidification depends on the temperature at which the 
metal comes in the mold. If you heat to a higher temperature 
and hold the metal in the ladle, you may get desired metallurgi- 
cal changes, but so far as solidification goes, it is the same as if 
you had not superheated, but started more rapid pouring out of 
a lower temperature furnace. 

C. E. Sims:° It seems probable that, whereas, supercooling 
would affect the time at which freezing starts, it could have no 
appreciable effect on the total time of freezing, except in very 
thin-walled castings. There is plain evidence of supercooling 
both in sand castings and in ingots. It consists of an outside 
layer of very fine-grained structure which froze suddenly. Below 
this is a layer of columnar structure with equiaxed crystals 
nearer the center if the casting is thick enough. Freezing is 
necessarily progressive from surface to center and, in the pres- 
ence of some already solidified metal, supercooling is virtually 
impossible. 

I question the emphasis Dr. Paschkis has placed on the effect 
of superheat, and especially its relation to the total time of 
freezing. Most of my data are on ingots cast in iron molds, but 
I regard the difference between metal cast in sand and in metal 
molds to one of degree rather than of kind. Castings made in 
refractory molds behaved similarly to those in iron molds. In 
the work on ingots, we found that superheat had practically no 
effect on the time for total freezing. 

At first thought, this seems like an incredible statement, but 
I believe it can be substantiated. Dr. Spretnak,* in some work 
at the Carnegie Institute of Technology, using a different ap- 
proach, arrived at exactly the same conclusion. 

A simple calculation will throw some light on this matter. 
First, assume certain round numbers which experimental data 
show are close to actual conditions. At the instant of total 
solidification of an ingot or casting, the center will be at the 
solidus temperature of 2640 F (med. carbon steel), while the 
surface will be at a temperature of approximately 1700 F. The 
mean temperature will be about 2030 F. With a liquidus of 
2740 F, it may be assumed that it is half solid and half liquid 
at a mean temperature of 2690 F. 

Now, if two castings be poured, one at a temperature of 28+) 
F or 100 degrees superheat and the other at 2990 F or 250 
degrees superheat, the heat to be dissipated up to the time of 
complete freezing will be as follows: 


Superheat above liquidus, °F 100 F 250 F 
Pouring temperature, °F 2840 2990 
Specific heat lost from cooling 

liquid steel 27 Btu/Lb 
Latent heat of fusion eo 
Specific heat lost from cooling solid 

steel to mean temp. of 2030 F a .4 96 


54 Btu/Lb 


121 ” ’ 
= 


Total heat lost to complete freezing 244 sa 
Portion of total due to superheat 11% 20% 


*J. W. Spretnak: ‘Temperature Considerations in the Solidification of 
Killed Steel Ingots,’ Proceedings Open Hearth Conference, 1947, p. 187. 
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‘hus, it will be seen that, for an increase in superheat of 150 
F, which is quite large, only 10 per cent more heat needs to be 
dissipated to complete freezing. Now, if the heat were dissi- 
pated uniformly over the freezing period, the time would be 

Jonged about 10 per cent by an extra 150 degrees, but such is 
noi the case. It can be shown that no appreciable freezing can 
take place, beyond the initial skin, until practically all of the 
superheat has been lost. Thus, the superheat is lost while the 
surface is at a very high temperature and while temperature 
gradients through the mold are steep. 

{n the heat analogy studies of Dr. Paschkis, there are two 
assumptions that appear likely to lead to error. The first is that 
freezing is complete when the liquidus temperature is reached. 
By definition, freezing is not complete until the solidus is 
reached and, at the liquidus, none of the latent heat of fusion 
has been released. The other is that the latent heat of fusion is 
equivalent to additional specific heat. Specific heat is released 
only on a falling temperature, while latent heat is given off at 
a relatively constant temperature or a narrow range of tempera- 
ture. Latent heat is different in another respect for it is gener- 
ated heat that can produce a temperature rise when freezing 
follows undercooling. Because of this, it produces an important 
effect on the pattern of freezing. 

Freezing of steel (or any metal) takes piace in a narrow zone 
which is concentric with the surface. This zone moves from sur- 
face to center where final freezing occurs. In the freezing zone, 
the temperature gradient is from the liquidus temperature inside 
to the solidus temperature outside. From the outside, there is a 
temperature gradient to the surface where heat flows outward. 
Within the freezing zone, however, all of the liquid steel is prac- 
tically at the liquidus temperature with no observable tempera- 
ture gradient after the first 5 per cent of the time required for 
freezing. 

rhe rate of freezing is controlled mainly by the rate at which 
latent heat can be conducted to the surface and dissipated. In 
the freezing zone, heat is being generated as a result of crystalli- 
zation, and if heat were being supplied also from the liquid 
metal, it would be reheated to the liquidus. The temperature, 
therefore, cannot fall below the liquidus at any place in contact 
with metal at a higher temperature and thus, freezing is in- 
hibited until the superheat of the liquid steel is gone. 

This was verified by casting several 500-Ib blocks of 0.35% C 
steel, one into a refractory brick mold and the other into a sand 
mold. The molds were 9 x 18 and 12 in. high. A platinum- 
platinum-rhodium thermocouple was placed in the center where 
the last freezing would occur. Poured at a temperature of about 
2850 F, the temperature at the center had reached the liquidus 
temperature of 2740 F in 2 min when the first reading was 
taken. In the brick mold, the center temperature remained at 
the liquidus for 20 min, dropped to 2720 F in 30 min, while the 
gamma peritectic froze, and was frozen completely in 40 min 
showing a solidus temperature of 2650 F. The pattern in the 
sand mold was similar, except that the temperature remained 
stationary at the liquidus for 47 min, fell to 2710 F in 60 min, 
and was frozen in 70 min. 

A paper by S. L. Gertsman “A Study of Insulating and Mildly 
Exothermic Antipiping Compounds Used for Steel Castings” 
(See p. 332) shows the same sort of cooling curve for couples 
placed at the centers of freezing castings. It is important that 
we obtain an accurate picture of just how a casting freezes. 

Dr. PAscHKIs: Mr. Sims raises three points: First, he questions 
the importance of superheat on the solidification time; second, 
he questions the procedure by which we say that solidification 
is complete when the liquidus temperature is reached; and 
finally, he states that the heat of fusion cannot be represented 
by an increase in specific heat. 

I would like first to answer his second query because it may 
have a slight bearing on the reply to the first objection. 

When our laboratory started out with solidification studies 
we too were of the opinion that solidification could be consid- 
ered completed only when the temperature has dropped to the 
solidus value. It should be kept in mind that the analyzer as an 
analog computer determines merely how long it takes for the 
casting to lower its temperature at a given point from the initial 
value to a prescribed new value. Thus we have determined the 
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times required for the temperature to drop from the initial 
value to that of the liquidus, also the time it takes to drop to 
the solidus temperature. By comparing our curves with bleeding 
tests taken by many different observers, we find consistently that 
the bleeding tests check if we compare them with our times re- 
quired to reach the liquidus temperature. The only explanation 
found to date is, that in bleeding tests the layer next to the 
surface is of smaller density than more distant layers, indicating 
that part of the material still has been bled out. 

Thus by experience we conclude that the solidification must 
be considered completed when the liquidus temperature is 
reached. 

Returning now to Mr. Sims first comment, regarding the 
superheat, I believe that in his table there are two points mis- 
leading. First, if he increases the superheat from 100 F to 250 F 
then the specific heat lost from cooling liquid steel should be 
increased from 27 to 67.5 Btu/lb, not to 54 Btu/Ib as he writes. 
The specific heat lost should be proportional to the temperature. 

The second point refers to the introduction of what Mr. Sims 
calls “specific heat lost from cooling liquid steel ....” I cannot 
see any justification in introducing this item. 

If the heat to be withdrawn from the moment of pouring to 
solidification is to be considered, then only the specific heat lost 
from cooling the liquid steel, the latent heat of fusion and 
possibly the specific heat over the solidification range can be 
introduced. The latter being somewhat dubious, it is omitted 
in the following table, which should replace that by Sims. 
Superheat above liquidus, °F 100 250 
Pouring temperature, °F 2840 2990 
Specific heat lost from cooling 

liquid steel 27 Btu/Ib 67.5 Btu/ib 
Latent heat of fusion —_-* —e™ 
Total heat lost to complete freezing 148 ” ” 188.5 " 
Portion of total due to superheat 18% 36% 


The increase of superheat of 150 F increases the heat which 
has to be dissipated before reaching the solidus temperature by 
27 per cent instead of by 10 per cent, which Mr. Sims mentions. 

Mr. Sims gives some figures regarding the freezing of 500-Ib 
blocks. These figures show that there is a considerable time lag 
between reaching the liquidus and reaching the solidus tempera- 
ture. This finding is in accordance with all the reports pub- 
lished by this laboratory. For example, in the paper “Study of 
Solidification of Steel Spheres,” A.F.S. TRANsActions, vol. 56, p. 
373, for the steel sphere of 6-in. diam, the time for complete 
solidification with a pouring temperature of 2820 F was 8 min 
(curve 2, 480 sec), whereas the temperature of 2600 F was 
reached only after 14 min (curve 4; 840 sec). But this does not 
prove anything regarding the influence of superheat. It only 
shows that there is a considerable delay between reaching the 
liquidus and reaching the solidus temperature. 

Mr. Sims quotes also a paper by Dr. Spretnak. It should be 
noted that in a paper prepared by Dr. Alexander formerly of 
Carnegie Institute of Technology, the findings of Spretnak are 
disproved and that Alexander confirms our findings of a signifi- 
cant influence of the pouring temperature. This paper is sub- 
mitted to the A.F.S. for presentation to the annual meeting in 
1950. 

The third observation of Mr. Sims regards the relationship 
between specific heat and heat of fusion. In steel or any alloy 
with a finite solidification range, the heat of fusion acts as if the 
specific heat would be increased temporarily, namely in the in- 
terval between liquidus and solidus temperature. In our cir- 
cuits, we introduced the heat of fusion only in this way. It is 
inserted when the temperature has dropped from the pouring 
temperature to the liquidus and is taken out when the, solidus 
is reached. When studying pure metals or eutectic alloys the 
method presentation on the analyzer is different: We “feed in 
current” according to the heat of fusion, maintaining the poten- 
tial constant. 

This procedure is correct with the exception of not repre- 
senting undercooling; for we have no proper information on 
undercooling. It should be remembered that without even 
taking undercooling into consideration, the analyzer experiments 
consistently check bleeding tests. 

Mr. Sims: Dr. Paschkis asks how heat gets out of the liquid 
portion of the metal if there is no temperature gradient. After 
it has reached the liquidus temperature, there is no need for 
heat to get out until the freezing zone moves in and it starts to 
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freeze. The reason the temperature falls so quickly to the 
liquidus is that convection currents in the liquid help carry 
heat to the surface. 

A. J. Smirn:® In describing conditions in the freezing zone I 
wonder if we are not losing sight of the fundamental sequence 
of reactions at the temperatures involved. Taking the commonly 
accepted value of the limit of the gamma peritectic horizontal as 
0.50 per cent carbon, for the usual casting composition approxi- 
mately half of the freezing material will solidify over a range of 
temperatures, from the liquidus down to the peritectic horizon- 
tal, and the remaining half will freeze at constant temperature, 
the peritectic temperature. Thus, when the peritectic tempera- 
ture is reached no temperature gradient is required for continued 
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freezing, only a difference in heat content between the inside aid 
outside of the casting. 

Mr. JANco: According to the laws of nature, there would hae 
to be a temperature gradient because otherwise, the metal wouid 
have infinitessimal conductivity. Metal is originally poured in‘o 
the mold at a superheat and in order to drop to the solidification 
temperature, it would have to have a temperature gradient or 
the metal would have to have infinite heat conductivity. We 
know it cannot have that so we can only assume the temperature 
gradient is low. 

Mr, Sims: I do not want to be misunderstood on that point. 
There must have been a slight gradient at the beginning, but in 
a pretty heavy casting, it is only a matter of a minute or so 
until the temperature is practically constant and uniform. 





BLAST HUMIDITY AS A FACTOR 
IN CUPOLA OPERATION 


By 


D. E. Krause,* and H. W. Lownie, Jr.** 


ABSTRACT 


Seventeen heats were made in a 10-in.-diameter cupola to 
determine effects of moisture content of the blast upon opera- 
tion of the cupola and the properties of the iron produced. The 
heats varied from one to four hours in length and were made at 
various coke ratios and blast rates. The moisture content of the 
blast was controlled by Kathabar equipment at various levels 
from 27 to 219 grains of moisture per pound of air. Unusual 
precautions were taken in the operation and control of the 
cupola in order to obtain reproducible quantitative data on the 
effects of moisture in the blast. 

It was found that the amount of moisture in the blast had an 
appreciable effect upon the operation of the cupola and the 
properties of the iron produced. When the amount of moisture 
in the blast was increased, tapping temperatures and carbon 
pickup decreased significantly. The change in chemical compo- 
sition that resulted from a change in the moisture content of the 
blast caused appreciable changes in the mechanical properties, 
chill depth, fluidity, and microstructure of the iron produced. 
Although changes in these properties were related to the change 
in chemical composition, there was no indication that the 
amount of moisture in the blast,.in itself, directly affected the 
properties of the iron produced. 

Operation of the cupola and properties of the iron showed a 
rapid response to a change in the moisture content of the blast 
during a heat. Adjustments of the coke ratio and blast rate 
produced a partial compensation for the effects of high moisture 
in the blast, but generally each of the adjustments tested pro- 
vided compensation that was insufficient to completely overcome 
the adverse effects of high moisture in the blast. 


Importance of Air as a Cupola Raw Material 


THE cupoLa is fundamentally a coke-burning 
unit. Oxygen for the combustion of coke is supplied 
by atmospheric air. Approximately one ton of air is 
required for the melting of each ton of iron. Air, 
therefore, is one of the most important raw materials 
in cupola operation from the standpoint of both func- 
tion and the quantity used. The air charge, therefore, 
merits the same attention as is given to the composi- 
tion and weight of the metal and coke charges. 

Atmospheric air is primarily a mixture of oxygen, 
nitrogen, and water vapor. The ratio of oxygen to 
nitrogen is relatively constant, but their actual weights 
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in a pound of moist air decrease as the amount of 
water vapor increases. Hence, the composition of the 
air changes with its moisture content. Since most 
cupola installations are not provided with equipment 
for controlling the moisture content of the blast, the 
influence of these changes in the composition of the 
air on cupola operation is important to the foundry- 
man. 

The oxygen in the air blast of a cupola unites with 
the carbon in the coke on a weight basis. Therefore, 
the rate at which oxygen can be supplied largely de- 
termines the speed at which coke can be burned. The 
weight or volume of air blown per unit of time is im- 
portant, mainly as a measure of the rate at which 
oxygen is supplied for combustion. Because air is fre- 
quently measured by volume in cupola operations, 
and the weight of oxygen in a given volume of air 
depends upon atmospheric temperature, pressure, and 
humidity, the effects of these variables must be con- 
sidered in cupola operation. 

The effects of atmospheric temperature and baromet- 
ric pressure upon the weight of oxygen in a given vol- 
ume of air are well known. With air of constant mois- 
ture content, air-weight controllers are available to 
automatically compensate for changes in atmospheric 
pressure and temperature and supply a constant weight 
of oxygen by varying the air volume appropriately. The 
same corrections can be made manually by varying the 
air volume in accordance with standard tables or charts 
of pressure-volume-temperature relationships for air. 

As atmospheric moisture increases, however, the 
weight of oxygen in a cubic foot of air, or in a pound 
of air, decreases. This variation in the weight of oxy- 
gen in the air because of changes in its moisture con- 
tent is generally less than the variation obtained be- 
cause of changes in pressure and temperature. In order 
to compensate for the depletion of oxygen in the air 
because of atmospheric moisture, an increased air 
weight or air volume can be calculated from considera- 
tion of the volume occupied by the moisture. Although 
automatic air-weight controllers do not directly make 
this compensation for moisture, they tend to make a 
partial compensation because the decreased density of 
air which accompanies high moisture content results 
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in an automatic increase in the volume of air blown. 
Although the effect of moisture upon the weight of 
oxygen in the air is usually small and may be readily 
compensated for, the effect of the moisture after it is 
injected into the cupola is of considerable significance. 







Moisture as a Constituent of the Air Charge 






Some atmospheric moisture is always present in the 
air blown into a cupola. On dry winter days, the mois- 
ture may be as low as 0.10 lb per 1000 cu ft, but on 
humid summer days it may exceed 2.0 lb per 1000 cu 
ft. The most important effect of this moisture arises 
from its reaction with incandescent coke in the cupola. 

Water vapor reacts with incandescent coke according 
to the water-gas reaction: . 

H,O + C + heat—= CO + H, 
Consideration of this reaction shows that moisture in 
the air might affect cupola operation and metal quality 
by three main effects: 

1. The reaction consumes coke to form'carbon mon- 















oxide. 

2. The reaction is endothermic; hence absorbs some 
of the heat provided by the combustion of the coke. 
The absorbed heat is not available for melting iron. 

3. The water vapor, or the products of its decompo- 
sition, come into contact with molten iron at a high 
temperature, and may exert an effect upon the proper- 
ties of the iron. Therefore, changes in the moisture 
content can be expected to alter the conditions under 
which the coke is burned and the metal charges melted 
and superheated. Variations in these conditions can be 
expected to have a pronounced effect upon the uni- 
formity of cupola operation and the properties of the 
iron melted. Thus, the composition of the air blast 
may have an effect equally as important as that of the 
metal or coke charges. 

The decomposition of 1 lb of water vapor in the 
water-gas reaction requires the burning of about 0.37 lb 
of coke to produce the heat required for the reaction, 
about 0.76 lb of coke to react with the water vapor, and 
about 0.06 lb of coke to heat the water vapor and 
its products to the reaction temperature. Thus, each 
pound of water vapor blown into the cupola con- 
sumes about 1.19 lb of coke which is not available for 
melting iron. On a humid summer day, a cupola oper- 
ating with 5000 cu ft of air per minute has as much as 
600 lb of water injected into it each hour. Compensa- 
tion for the coke consumed because of this moisture 
would require more than 700 Ib of additional coke per 
hour. Although this effect is appreciable, it is not con- 
sidered to be so important as other variations which 
are introduced into the operation. 

When the water-gas reaction occurs simultaneously 
with the combustion reaction in a bed of incandescent 
coke, bed temperatures apparently are lowered, for 
lower tapping temperatures result. Decomposition of 
water vapor according to the water-gas reaction pro- 
duces hydrogen which may be expected to come into 
contact with the metal charge under highly reactive 
conditions. Boyles! showed that the melting of cast 
iron in hydrogen had a pronounced effect upon its 
method of solidification. Although the formula for the 
water-gas reaction indicates that the oxygen from the 
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decomposed water vapor is combined with carbon to 
form carbon monoxide, there is a possibility that the 
decomposition may temporarily produce nascent ox\- 
gen of high reactivity. The release of either hydrogen 
or nascent oxygen in the cupola can be expected to 
have an effect upon the properties of iron, and this 
effect would be expected to change as the moisture 
content of the air varied. 

At high temperatures, the water vapor itself has a 
highly oxidizing influence upon iron and steel. This 
effect can be seen by cooling a hot specimen of iron or 
steel in dry air and another specimen in moist air. The 
moist air will produce considerably more surface oxi- 
dation. 


Review of Previous Work 


As early as 1905, Gayley* showed that by drying the 
air supplied to a blast furnace, he could obtain better 
fuel economy, increased production, and better uni- 
formity of operation. 

In 1929, Boegehold*® showed that a high moisture 
content in the air blast supplied to a blast furnace pro- 
duced irons of higher oxygen content than those melted 
with dry blasts. This high-oxygen pig iron had a pro- 
nounced tendency to chill, and this tendency was found 
to carry over after the iron was melted in a cupola. For 
cupola iron, Boegehold found that chill depth and 
combined carbon content increased as the moisture 
content of the blast increased. He found no relation- 
ship between the analysis of the iron and chill depth, 
and concluded that moisture in the blast had a direct 
effect in increasing chill depth. Boegehold attributed 
the changes in the properties of the iron to an increased 
degree of oxidation with higher amounts of moisture 
in the cupola blast. 

In 1931, Moore# related the experiences of a piston- 
ring foundry with the effects of moisture in the cupola 
blast, and described the installation and operation of a 
refrigeration-type blast dryer which he felt was directly 
responsible for appreciably decreasing the rejections of 
piston rings due to hard castings. Moore, like Boege- 
hold, found no relationship between composition of 
the iron and its chill depth, and concluded that varia- 
tion in chill depth was a direct result of variation in 
blast moisture. Moore attributed the high chilling tend- 
encies which accompanied high moisture contents in 
the blast to the oxidation of the iron by nascent oxygen 
produced by the dissociation of water vapor in critical 
locations in the cupola. 

In discussing Moore’s paper, MacKenzie stated that 
the influence of moisture might be more directly re- 
lated to its effect upon chemical composition than was 
realized. Eash and Smith® in 1941 supported Mac- 
Kenzie’s contention when they reported that increased 
moisture in the blast had an appreciable effect upon the 
chemical composition of the iron. Their findings agreed 
with those of Boegehold and Moore in regard to de- 
creased tapping temperatures, decreased melting rate, 
and increased chill depth resulting from higher mois- 
ture in the cupola blast. However, Eash and Smith 
found that high moisture in the blast was accompanied 
by decreased carbon pickup and increased losses of sili- 
con and manganese. They concluded that the increased 
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chill depth that accompanied high moistures was pri- 
marily a result of a change in chemical composition, 
and was not a direct influence of moisture. On this 
point, Eash and Smith differed with Boegehold and 
Moore. Further conclusions of Eash and Smith were 
that high moisture in the blast increased sulphur pick- 
up, had no effect upon microstructure, and affected 
physical properties only by the influence upon compo- 
sition. They also found that the effects of moisture 
were similar with cold blasts at 100 F and with hot 
blasts at 900 F, but that the hot blast overcame some of 
the undesirable effects of high moisture. 

In 1942, Herres and Lorig® pointed out the impor- 
tance of controlling the weight-ratio of oxygen in 
cupola operation. They presented a series of charts and 
nomographs for calculating the changes in the air vol- 
ume and the coke charge theoretically required to 
correct the changes in atmospheric pressure and tem- 
perature and for the amount of moisture in the air. 
Examples were given of the use of the charts, and the 
derivations of the charts were presented so that they 
could be adapted to a particular cupola operation. 

In 1941, the Gray Iron Research Institute made a 
series of eight cupola heats in a 27-in. cupola to investi- 
gate the effects of moisture in the blast. The results of 
these heats were not published but they showed that as 
the moisture content of the blast was increased, carbor. 
pickup decreased, silicon and manganese losses in- 
creased, and tapping temperatures decreased. The 
melting rate, sulphur pickup, and CO, content of the 
stack gases were not affected. Metal fluidity, chill depth, 
and mechanical properties were changed in accordance 
with the change in chemical composition. Although 
these trends were apparent, the degree of control ove 
the operating variables in the large cupola was not so 
close as desired, and some of the data were difficult to 
reproduce. A suitable means for obtaining the desired 
degree of reproducibility of quantitative data was later 
developed in the form of the 10-in.-diameter cupola 
used in the present investigation. 


Operation of Cupola 


Description of Cupola—The experimental work on 
which this report is based was performed in a 10-in.- 
diameter cupola developed jointly by Battelle Memo- 
rial Institute and the Gray Iron Research Institute. 
Che design and operation of the cupola have recently 
been described in detail in another paper’. 

The cupola consists of a stack made in four sections. 
It is about 10 ft high from bottom plate to charging 
door. The shell diameter varies from 15 to 18 in. and 
the nominal lined diameter is 10 in. The air blast is 
supplied by a large positive displacement blower and 
is controlled with an air-weight controller. The blast 
is preheated by a jacketing windbox around the melt- 
ing and superheating zones. Other accessory devices 
include moisture control of the blast, automatic analy- 
sis for the CO, content of the stack gases, and a record- 
ing pressure gauge. The operating procedure is rigor- 
ously controlled. A photograph of the cupola in opera- 
tion is shown in Fig. 1. The cupola was designed to 
reproduce large commercial units as closely as possible 
in all respects except size. Some of the dimensions and 
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TABLE 1—DIMENSIONS AND TYPICAL OPERATING 
CONDITIONS FOR 10-IN.-DIAMETER CUPOLA 





Inside diameter of cupola lining......... 10 in. 
Area of cupola cross section...,......... 78.5 sq in. 
0.55 sq ft 
Co | SP PPOEeereee ee re 614% to | 
Ratio of stack height to lining diameter. . ll tol 
Customary coke ratio. . yererery sree 7% to | 
Ihickness of customary coke split........ 3 in. 
Weight of customary coke split... nee 1.0 Ib 
Customary air blast rate..... ave en ee’ 1214 |lb/min 


163s cu ft/min 
23 = ib/min/sq ft 
Usual melting rate ia areas ee ll Ib/min 
20 Ib/min/sq ft 
0.60 tons/hr/sq ft 


Usual coke burning rate 4 88 lb/hr 
160 Ib/hr/sq ft 
Uenal Blast POesseye.... oo. oss cccessicces 10 oz/sq in. 





typical operating conditions are listed in Table. 1. 
Cupola Charges and Operating Procedures 


Thirty-pound metal charges were used in each heat. 
Standard metal charges contained 37 per cent steel 
scrap, 30 per cent malleable pig iron, 28 per cent cast 
iron scrap, and 5 per cent silvery pig iron. The nominal 
analysis of the metal charges differed slightly in dif- 
ferent heats because of minor variations in the composi- 
tion of the cast iron scrap. With the exception of the 
cast iron scrap, materials for all heats were from the 
same lots. ‘The nominal analysis for the standard metal 
charges was as follows: 

Potal Carbon, 2.36-2.39°%, Silicon, 2.04-2.07°%, Manganese, 0.96- 

0.989,, Phosphorus, 0.12°,, and Sulphur, 0.04%. 
A typical charge is shown in Fig. 2, and details of the 
components are given in Table 2. The malleable pig 
iron and silvery pig iron were commercial materials 
specially cast in thin sections to facilitate breaking to 
size for the small cupola. The steel scrap consisted of 
small sections of angles and “figure eight” sections of 
rerolled rail steel. The cast iron scrap was produced 
to controlled composition by remelting pig iron and 
steel in an electric furnace. 





Fig. 1—Photo of 10-in. diameter cupola in operation 
to determine effect of moisture in the blast. 
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Fig. 2—Sized and weighed components of a typical 
charge for the 10-in. diameter cupola. Rear row (left to 
right): oven foundry coke, steel scrap, malleable pig 
iron, and cast tron scrap. Front row (left to right): 
limestone, silica pebbles, and silvery pig iron. 


TABLE 2—COMPONENTS OF STANDARD CUPOLA CHARGES 
Usep DuRING INVESTIGATION OF EFFECTS OF 
MOISTURE IN THE BLAST 





STANDARD METAL CHARGE 


Weight, Ib Material Composition, % 





Total Carbon _ Silicon 


11.0 Rerolled steel rails 0.50 0.20 
9.4 Malleable pig ircn 3.94 2.83 
1.6 Silvery pig iron 1.80 10.40 
8.0 Cast iron scrap 3.25-3.31 1.97-2.10 
30.0 
COKE AND FLUX CHARGES 
Weight in Ib 


Silica Pebbles 


Limestone 


Coke Ratio Coke 


oe} 5.50 1.70 0.35 
5:1 4.09 1.25 0.25 
4:1 3.20 1.00 0.20 





A good grade of oven foundry coke sized 114 x 134 
in. was used for all heats. All coke was from the same 
lot and had the following proximate analysis: 

Volatile Matter, 1.6%, Ash, 6.38%, and Fixed Carbon, 92.1%. 

Charge materials were added to the cupola in the 
following order: coke, flux, steel scrap, silvery pig iron, 
malleable pig iron, and cast iron scrap. 

The original bed height in all heats was 42 in. 
Lightup of the ked required 2 hr and 40 min from the 
time that a gas burner was turned on to begin ignition 
of the bed until the blast was turned on full to begin 
melting. Each operation during the lightup was timed 
to the nearest minute. The detailed lightup procedure 
is listed in Table 3. 


Taps were made at intervals of about 3 min and were 
timed to the nearest 0.1 min. Each tap had a nominal 
weight of 30 lb and was weighed on a spring balance 
as it was tapped. 

A typical log of operations is given in Table 4. In all 
heats, the slag hole was opened after the fifth metal tap. 
At least four samples of the stack gas were taken during 
each heat for Orsat analyses. Inoculation with 0.30 or 
0.45 per cent SMZ was performed at the spout. 

The weight of the air blast was controlled by an air- 
weight controller. ‘Tapping temperatures were meas- 
ured with a disappearing-filament optical pyrometer. 


Control of Moisture in the Blast 


The amount of moisture in the blast was controlled 
by Kathakar equipment and was checked during each 
heat with a sling psychrometer. In controlling the 
moisture content of the blast, the wet bulb and dry 
bulb temperaturcs were measured in the blast main 
ahead of the blower. The dry bulb temperature was 
kept within the range of 97 to 123 F and the wet bulb 
temperature was adjusted to provide the desired 


TasBLe 3—LIGHTUP PROCEDURE FOR 
10-1IN.-DIAMETER CUPOLA 





:00 a.m. 10 Ib of ccke in well. Burner turned on to begin 
ignition of bed. 
245 Add 10 Ib of coke. 
2:00 Add coke to upper tuyeres. 
2:20 p.s1. Burner removed. Blast cn at 314 |b per min. 
2:40 Blast off. Set taphole block in breast. Adjust coke 
bed to 42 in. above main tuyeres. 
:00 Blast on at 514 |b per min. 
Blast off. Red bed and adjust to 42 in. with green ° 
coke. Plug slag hole. 
Blast cn at full cperating rate for 3 min to burn in 
green coke. 
Start charging. 
Blast on at full operating rate to begin melting. 
Expect first mclten iron to be visible at tuyeres. 
Expect first tap. 
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TABLE 4—TypicaAL Loc or OPERATIONS FOR A 1-HR 
HEAT IN 10-1n.-DIAMETER CUPOLA 
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amount of moisture in the blast. Blast temperatures at 
the tuyeres varied from about 300 F at the start to 


about 380 F at the end of each heat as a result of heat- 





Tap No. Treatment 


Disposition 


ing of the blast during passage through the blower and 





None 
None 
None 
None 


¢ 


Orsat Sample No. 


Inoculated 


Open slag hole 


Inoculated 


None 
Orsat Sample No. 


None 


Pig 
Test bars 
Test bars 
1 


Test bars 


Spiral Series No. 
Test bars 
9 


Spiral Series No. 


jacketing windbox. 
Conditions for Experimental Heats 

Seventeen cupola heats were made during the in- 
vestigation. The conditions of operation for these 
heats are listed in Table The heats were divided 
into the following groups: 

1. Six heats were made with various amounts of 
moisture in the blast to determine the effects of blast 


5. 


Slag Sample No. | 
~~ Inoculated . 
Inoculated 
Orsat Sample No. 3 


None 

None 
Inoculated 

Slag Sample No. 2 
Inoculated 

Orsat Sample No. 4 

None 

None 

None 

None 

None 


15. 
16. 
17. 
18. 
19. 


Test bars 


Spiral Series No. : 


Test bars 


Spiral Series No. 


Test bars 


Test bars 


Test bars 

Test bars 

Test bars 
Pig 
Pig 


All taps have a nominal weight of 30 lb of iron. 
Taps made at intervals of approximately 3 min, depending upon 


the melting rate. 
Chill tests poured from each tap. 





moisture upon so-called “standard” conditions of op- 
eration. These standard conditions were a coke ratio 
of 7.5 to 1, a blast rate of 1214 per min, and standard 
metal charges as listed in Table 2. The moisture in the 
blast for the various heats varied from 27 to 219 grains 
per pound and was constant throughout each heat. 
Five heats were | hr long and one heat was 4 hr long. 

2. ‘Two heats were made with adjusted metal charges 
in order to determine whether the amount of moisture 
in the blast had a direct effect upon the physical prop- 
erties of the iron produced. 

3. Two heats were made at standard conditions to 
determine the degree to which the cupola operation 
and metal properties were affected by a drastic change 
in blast moisture midway through the heat. 

4. Three heats were made at coke ratios of either 
5.5 to 1 or 9.4 to 1, a blast rate of 1214 lb per min, and 


TABLE 5—SUMMARY OF OPERATING CONDITIONS AND RESULTS OF HEATS IN 10-IN.-DIAMETER 


CupoLa TO EVALUATE EFFECTS OF MOISTURE IN THE BLAST 





Heat Coke Blast Type 
No. Ratio Rate, of 
Ib Metal 


Blast 
Moisture, 


Nominal Analysis of 
Metal Charge, % 
Total 





gr/lb 


Nominal Average Average Chill 
Length Tapping Depth, 49 in. 
Un- 


of Heat, Temp., Inoc- 


Hr - 2 


treated ulatedCarbon Si 


Average Composition of Average Calculated 
Iron at Spout, % CO, Melting 
ae in stack Rate, lb 
per Min. 





lotal 
Mn P S gas, % 


Min Charge Carbon Si Mn 4 


S 





HEATs AT CONSTANT BLAST MOISTURE WITH STANDARD METAL CHARGES 





0.12 
0.12 
0.12 
0.12 
0.12 
0.12 


0.97 
0.97 
0.97 
0.97 
0.97 
0.97 


HEATS AT 


Std. 
Std. 
Std. 
Std. 
Std. 
Std. 


sss ss 
&r &r & 
os umd fume feet fms ped 


or or Gr 


27 
$2 
110 
138 
219 
93 


0.04 
0.04 
0.04 
0.04 
0.04 
0.04 


CONSTANT BLAST MOISTURE 


12.4 
10.4 
10.2 

9.4 
10.3 


11.2 


10.7 
10.2 
10.9 
10.3 
10.7 
12.4 


2 3.45 1.89 0.81 0.131 0.106 
3 3.41 .84 0.80 0.143 0.107 
4 3.30 1.79 0.79 0.135 0.107 
3.24 1.80 0.77 0.144 0.109 
3.17 1.72 0.73 0.136 0.110 


3.41 .82 0.77 0.145 0.108 


2805 
2795 
2755 
2700 
2670 
2750 


6 
5 
314 


WITH ADJUSTED METAL CHARGES 





0.12 
0.12 


0.96 
0.96 


Adj. 
Adj. 


Std. 0.96 0.12 


Std. 0.96 0.12 


HEATS 


0.04 50 l 
0.04 36 1 


HEATs AT Two LEVELS 
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various amounts of moisture in the blast in order to 
determine whether compensation for the effects of 
moisture in the blast could be made by adjusting the 
coke ratio without simultaneously adjusting the blast 
rate. 

5. Four heats at a coke ratio of 5.5 to 1 and with 
various amounts of blast moisture were made with 
blast rates of 15 and 18 lb per min to determine 
whether compensation for the effects of moisture in the 
blast could be made by simultaneously increasing the 
coke ratio and the blast rate. 


HEATS AT CONSTANT BLAST MOISTURE 

Heats 86, 87, 88, 92, and 93 were | hr long and were 
made with a coke ratio of 714 to 1, a blast rate of 1214 
lb per min, and standard metal charges as summarized 
in Table 5. These conditions were considered as “‘stand- 
ard” for this investigation. The amount of moisture in 
the blast was varied from 27 grains per pound in Heat 
86 to 219 grains per pound in Heat 88 and was con- 
stant throughout each heat. Heat 99 was made at the 
standard conditions but was 4 hr long. The moisture 
in the blast for Heat 99 was 93 grains per pound of air. 

Heats 86, 87, and 88 were run consecutively. The re- 
sults showed such a pronounced effect of blast moisture 
that Heats 92 and 93 were later run at intermediate 
blast moistures to check the results of the first three 
heats. Excellent agreement was obtained among all 
five heats. 

Increasing the amount of moisture in the blast dras- 
tically lowered the average tapping temperature as il- 
lustrated below: 





Heat No. Blast Moisture, Average Tapping 
gr/lb lemperature, °F 
— 2805 
92 32 2795 
87 110 2755 
93 138 2700 
88 219 2670 





Logs of tapping temperatures for three heats at dif- 
ferent blast moistures are shown in Fig. 3. Figure 4 
illustrates the relatively narrow range of tapping tem- 
perature obtained in each heat, and shows the pro- 
nounced reduction in tapping temperature which 
accompanies increased moisture in the blast. 

The average tapping temperature of 2750 F obtained 
in the 4-hr heat with 93 grains of moisture per pound 
of air agreed well with the average results of the five 
1-hr heats. 


Chemical Composition 
The average total carbon content of the iron was re- 
duced appreciably when the moisture in the blast was 
increased. At the same time, the average silicon con- 
tent was reduced slightly. Average chemical analyses 
were as follows: 





Heat Blast Moisture, Total Carbon, Silicon, 
No. gr/lb % % 

86 27 ~~ 3.45 ~ 1.89 
92 $2 3.41 1.84 
87 110 3.30 1.79 
93 138 3.24 1.80 
88 219 3.17 1.72 





Buiast Humipity IN CuPpOLA OPERATION 





HEAT 86-27 GRAINS/POUND | 
s | | 





n 
_ 
° 
ic) 


TAPPING TEMPERATURE, DEG. F 
o 
3 


| 


—E Se 


| 


2% 


8 








8 10 
TAP NUMBER 


Fig. 3—Logs of tapping temperatures in three heats 
with various amounts of moisture in the blast. Coke 
ratio was 7.5 to 1 and blast rate was 1214 lb per min. 
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Fig. 4—Effect of moisture in the blast upon tapping 
temperature in heats with a coke ratio of 7.5 to 1 and 
a blast rate of 1214 lb per min. 
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Fig. 5—Logs of chemical composition of iron in two 
heats with various amounts of moisture in the blast. 
Coke ratio was 7.5 to 1, blast rate was 1214 lb per min. 
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| ogs of the analyses for total carbon and silicon content 


are shown in Fig. 5 for one heat at high blast moisture 


and another heat at low blast moisture. Figure 6 illus- 
trates the manner in which the total carbon and sili- 
con contents of the iron were reduced when the amount 
of moisture in the blast was increased. 
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Fig. 6—Effect of moisture in the blast upon chemical 
composition of irons produced with a coke ratio of 7.5 
tol and a blast rate of 1214 lb per min. 
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As shown in Table 5, the manganese loss also in- 
creased as blast moisture increased, but sulphur and 
phosphorus contents were not appreciably affected. 

The progressive increase in silicon and manganese 
losses as blast moisture increased was an indication of 
increasingly oxidizing conditions in the cupola with 
increased blast moisture. These oxidizing conditions 
may have played some part in reducing the carbon 
pickup, but the lowered pickup is believed to be more 
directly associated with the lower tapping temperatures 
obtained in heats with high moisture in the blast. Fig- 
ure 7 illustrates the relationship between tapping tem- 
perature and average carbon content of the iron for 13 
heats made at a coke ratio of 714 to 1. These heats 
were made with various cokes, various blast rates, sev- 
eral different amounts of moisture in the blast, and 
several types of metal charges. In spite of these differ- 
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Fig. 9—Relation between chill depth and carbon equiv- 
alent at various levels of moisture in the blast. (Car- 
bon equivalent = Total carbon +- '% Silicon, %). 
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ences in operating conditions, a good correlation was 
obtained between tapping temperature and carbon 
content of the iron. In expressing this relationship, it 
is realized that tapping temperature is merely a reflec- 
tion of certain conditions of bed height and bed tem- 
perature within the cupola, but the results indicated 
that the same conditions which promoted high tap- 
ping temperatures also promoted high carbon pickup. 


Chill Depth 

The chill depth of untreated and inoculated irons 
increased when the moisture in the blast increased, as 
shown in Fig. 8. However, the increase in chill depth 
was consistent with the change in chemical composi- 
tion. The relationship of chill depth to carbon equiva- 
lent as plotted in Fig. 9 shows that chemical composi- 
tion was apparently the main factor controlling chill 
depth. 

The following table illustrates the increase in chill 
depth of both untreated and inoculated irons with in- 
creased moisture in the blast: 





Heat Blast Moisture, Average Chill Depth, 9 in. 
No. gr/lb 
86 27 14 
92 2 17 
87 110 19 
93 138 21 
88 219 23 





Untreated Irons __Inoculatea Irons 








Melting Rate 
Melting rate tended to decrease as the moisture in 
the blast increased. Measurement of the time required 
to complete charging was found to be the most depend- 
able measurement of melting rate for short heats at a 
given coke ratio. The time required to complete charg- 
ing in the five heats in the series was as follows: 





Heat Blast Moisture, Time to Complete 
No. gr/|b Charging, min 
86 27 40.0 

92 32 42.0 

87 110 42.0 

93 138 44.1 

88 219 46.0 








CO, in Stack Gas 
The CO, content of the stack gas was measured by a 
continuously recording automatic analyzer and was 
checked at least four times during each heat by Orsat 
analyses for CO, and Og. The stack gas analyses for 
CO, fell within a narrow range for the five heats in 
the series. Average analyses were as follows: 





Heat Blast Moisture, Average CQO, in 
No. gr/lb Stack Gas, % 
86 27 10.7 
92 $2 10.2 
87 110 10.9 
93 138 10.3 
88 219 10.7 








These data indicated that the amount of moisture in 
the blast had no significant effect upon the CO, con- 
tent of the stack gas at constant coke ratio and constant 
blast rate. 
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Metal Fluidity 


The term “fluidity” as used in this investigation re 
fers to the ability of an iron to flow into a mold an 
fill details of the mold cavity. In this sense, the term i 
synonymous with “flowability” or “castability” as gen 
erally used in the foundry industry, and is not to be 
confused with the precise physical property which is 
defined as the reciprocal of the coefficient of viscosity 

Metal fluidity was determined by measuring the 
length which iron would flow in a spiral-test mold of 
the type illustrated in Fig. 10 and 11. Because fluidity 
is affected by pouring temperature, spirals were poured 
from each ladle of iron at three different pouring tem 
peratures. Because of the effects of moisture in the 
blast, the irons tested for fluidity differed in composi- 
tion and pouring temperature from heat to heat. ‘There- 
fore, in order to evaluate the effects of moisture in the 
blast upon metal fluidity, it was advantageous to com- 
bine the two variables of pouring temperature and 
chemical composition into one variable of superheat. 
Superheat was defined as the difference in temperature 
between the pouring temperature and the liquidus 
temperature of the iron. The liquidus temperature for 
low-phosphorus hypoeutectic irons of the type used in 
this investigation was calculated from the formula: 
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Fig. 10—Fluidity spiral test used to investigate effect 
of moisture in the blast upon metal fluidity. Dimen- 
sions of the spiral are similar to those suggested by 
Saeger and Krynitsky8. 
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Liquidus, ° F — 2982 — 211 Carbon Equivalent 
Carbon Equivalent, % — Total Carbon, % + % Silicon, % 
Pouring temperatures were measured with a platinum 

piatinum-rhodium immersion thermocouple. 

The lengths of spirals poured during this series oj 
heats were within the band plotted in Fig. 12. These 
results showed that fluidity was directly related to the 
superheat at the time of pouring. The amount of 
moisture in the blast apparently had no direct effect 
upon spiral length except as it influenced composition 
and pouring temperature. Inoculation also appeared 
to have no significant effect upon spiral length. 

For practical foundry purposes, the actual length 
that an iron will flow in a mold is of primary interest 
and its superheat is of only secondary interest. Super- 
heat is neglected in Fig. 13 in which no adjustment is 
made for the composition of the iron or its pouring 
temperature. The length of the first spiral poured in 
each series, as plotted in Fig. 13, is a practical measure 
of the best fluidity that was obtained for each level of 
moisture in the blast. Although lengths of the first 
spirals averaged about 48 in. for heats with low mois- 
ture in the blast, an average of only about 30 in. was 
obtained in heats with high moisture in the blast. 
Irons produced with 27 grains of moisture per pound of 
air blast flowed 60 per cent farther in the test molds 
than irons produced with 219 grains of moisture per 
pound of air blast. These data showed that high mois- 
ture in the blast materially reduced the metal fluidity, 
but indicated that this reduction in fluidity was caused 


‘ig. 11—Flutidity spiral showing downsprue and iron 
eft in pouring basin. Length of this spiral was 46 in. 
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Fig. 12—Relation between length of fluidity spirals and 
superheat at time of pouring. 
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Fig. 13—Effect of moisture in the blast upon the length 
of the first fluidity spiral poured from each tap. This 
method of plotting does not take into consideration 
the differences in chemical composition and pouring 
temperature of the iron with different amounts of 
moisture in the blast. 


by a decrease in carbon equivalent and reduction in 
pouring temperature rather than by a direct influence 
of moisture upon fluidity. 


Slag Composition 
Slags were generally of the following composition: 
SiOz, 49.9-51.3%, CaO, 23.2-29.7%, MnO, 2.1-6.0%, 
Al, Oz, 7.0-7.9%, and FeO, 2.2-8.2%. 
As the amount of moisture in the blast increased, the 
FeO content of the slag increased as follows: 





Heat Blast Moisture, 


/ 


FeO in slag, % 


No. 


gr/Ib 


Tap 8 Tap 13 





86 
92 
87 
93 
88 


27 
$2 
110 
138 
219 


2.20 
2.34 
2.50 
3.61 
4.00 


4.53 


6.06 


8.20 
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Fig. 14—Typical graphite distribution found at center 
of test bars cast during heats with low moisture in the 
blast. Typical structure contained 60 per cent modified 


graphite. Carbon equivalent of this iron was 4.0d per 


cent. The blast contained 27 grains of moisture per 
pound of air. 50x. 
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Fig. 15—Typical graphite distribution found at center 
of bars cast during heats with high moisture in the 
blast. Typical structure contained 60 per cent modified 
graphite. Carbon equivalent of this tron was 3.71 per 
cent. The blast contained 219 grains of moisture per 
pound of air. 50x. 
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Fig. 16—Relation of transverse strength to carbon 
equivalent of irons produced at several levels of mois- 


ture in the blast. 
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Fig. 17—Relation of deflection to carbon equivalent of 
irons produced at several levels of moisture in the blast. 


Considered with the increased silicon and manga- 
nese losses obtained in heats with high moisture in the 
blast, these slag analyses for FeO verified that condi- 
tions in the cupola became more oxidizing as the 
amount of moisture in the blast increased. 


Microstructure 


Untreated irons produced in heats with high mois- 
ture in the blast contained more modified graphite 
(A.F.S.Types D and E) than irons produced in heats 
with low moisture in the blast. Such a result was 
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generally consistent with the difference in chemical 
composition between heats at high blast moisture and 
those at low blast moisture. There was some indica- 
tion that the degree of modification of irons produced 
at high blast moisture was greater than would be ex- 
pected on the basis of chemical composition, but this 
conclusion was not positive because the microstructures 
did not lend themselves to quantitative comparison 
within narrow limits. Typical graphite structures 
found at the center of test bars of untreated irons pro- 


Fig. 18—Relation of impact strength to carbon equiva- 
lent of irons produced at several levels of moisture in 
the blast. 
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duced in heats at high blast moisture and low blast 
moisture are shown in Fig. 14 and 15. 

The matrix appeared to be unaffected by blast mois- 
ture except for the characteristic increase in the 
amount of massive ferrite which accompanied increased 
amounts of modified graphite. 

All irons which had a tendency to form modified 
graphite structures responded well to inoculation. 


Mechanical Properties 

Transverse strength, deflection, and impact strength 
are plotted against carbon equivalent in Fig. 16, 17, 
and 18. Untreated irons showed a normal decrease in 
transverse strength as the carbon equivalent increased. 
Inoculation of irons of low carbon equivalent from 
heats at high blast moisture produced excellent re- 
sponse. With irons of high carbon equivalent, response 
to inoculation was good, but not so good as with irons 
of lower carbon equivalent. 

Untreated irons showed a normal increase in deflec- 
tion as the carbon equivalent increased. Inoculation 
of irons of low carbon equivalent produced very large 
increases in deflection. 

The impact strength of untreated irons showed the 
usual scatter from about 32 to 40 ft-lb in this range of 
carbon equivalent with only the usual slight trend to- 
ward higher impact strength at lower carbon equiva- 
lent. Inoculation produced a considerable increase in 
impact strength. This increase was a natural accom- 
paniment to the general increase in deflection which 
was found over the entire range of carbon equivalents 
and blast moistures tested. The response of impact 
strength to inoculation was greatest in the heats with 
high moisture in the blast. At a carbon equivalent of 
3.75 per cent, inoculation increased average impact 
strength from about 37 to about 53 ft-lb. 

The spread of results for a given carbon equivalent, 
as shown in Fig. 16, 17, and 18 was greater than de- 
sired. The spread was attributed to the fact that all 
mechanical tests were made on unmachined 1.2 in.- 
diameter test bars 21 in. long. These bars were cast 
singly in vertical green sand molds with a riser feeding 
through a strainer core. The method of casting ap- 
proximated the usual commercial practice and pro- 
duced bars of good surface finish. Some of the test bars, 
however, were at least partially unsound as shown by 
X-ray examination of some bars which showed low 
mechanical properties. The pattern of distribution of 
modified graphite within the test bars was also be- 
lieved to have an effect upon the spread of results ob- 
tained at a given equivalent, but the effect of graphite 
distribution upon mechanical properties did not lend 
itself to quantitative evaluation. 

As a result of the mechanical tests upon unmachined 
test bars, it was concluded that the only significant 
effect of moisture in the blast upon mechanical proper- 
ties was an indirect effect upon the chemical composi- 
tion of the iren. 


HEATS WITH ADJUSTED METAL CHARGES 

In the preceding discussion of heats run at a coke 
ratio of 714 to 1, a blast rate of 1214 lb per min, and 
constant amount of moisture in the blast, it was shown 
that the moisture content of the blast appreciably af- 
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fected the chemical composition of the iron produce. 
The mechanical properties, chill depth, microstructur:, 
and fluidity of the iron were in turn appreciably ai- 
fected by the change in chemical composition. There 
was no evidence to indicate that moisture directly in- 
fluenced these properties beyond its effect on composi- 
tion. To separate the effects of changes in chemical 
composition from possible direct effects of moisture in 
the blast upon these properties, it was felt desirable to 
produce irons of similar composition at different leveis 
of blast moisture. Under such conditions of similar 
composition, any difference in metal properties could 
be attributed to a direct influence of the amount of 
moisture in the blast. 

In Heats 105 and 106, the composition of the metal 
charge was adjusted to a lower level of total carbon 
and silicon, and the heats were made with low mois- 
ture in the blast. At low moisture in the blast, the 
standard charges would have produced irons of high 
carbon equivalent. The charge adjustments in Heats 
105 and 106 were intended to produce irons of low 
carbon equivalent with low moisture in the blast. 

Adjustment of the metal charges did not produce 
irons with carbon equivalents so low as desired. ‘There- 
fore, irons of similar composition were produced over 
a narrower range of moisture contents than desired. 
Over this range, there was no indication that blast 
moisture in itself directly affected the physical or 
mechanical properties of the iron. 

Cupola charges in Heats 105 and 106 were adjusted 
by increasing the amount of steel scrap and decreasing 
the amount of malleable pig iron. The adjustménts 
and nominal composition of the adjusted charges are 
shown in Table 6. 

Tables 5 and 7 compare the composition and prop- 
erties of irons produced in Heats 105 and 106 with 
those of irons produced in other heats made with high 
moisture in the blast. 


Tapping Temperature and Chemical Composition 


Tapping temperatures in Heats 105 and 106 were 
uniform and averaged 2770 F in both heats. These 


TABLE 6—COMPOSITION OF ADJUSTED METAL 
CHARGES FOR Heats 105 AND 106 





Charge Components, Ib 





Standard Heat 105 Heat 106 
Rerolled steel rails...... 11.0 12.3 13.4 
Malleable pig iron...... 9.4 4.5 4.5 
Silvery pig iron......... 1.6 2.3 2.2 
Cast iron scrap......... 8.0 10.9 9.9 

30.0 30.0 30.0 
Oven foundry coke. 4.0 4.0 4.0 
VEE POPE C TET 1.25 1.25 1.25 
Silicn pebites............ 0.25 0.25 0.25 


Nominal Composition of Charges, % 





Standard Heat 105 Heat 106 
Peeel Garbes.....<.<<0- 2.38 2.09 1.99 
IN Birk a kare ek Sew ecole 2.06 2.01 1.92 
re ee 0.97 0.96 0.96 
ere 0.12 0.12 0.12 
ME csvset piciae eke 0.04 0.04 0.04 
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temperatures were consistent with the values expected 
on the basis of other heats with similar amounts of 
moisture in the blast. 

The adjustments made in the metal charges for 
Heats 105 and 106 were not sufficient to reduce the 
average carbon content of the iron to the desired 
values. The composition of the charge components was 
the same as those listed in Table 2. Previous heats 
indicated that the standard metal charges would pro- 
duce irons with average carbon contents of about 3.40 
per cent at blast moistures of about 35 to 50 grains per 
pound. In Heats 105 and 106 it was desired that the 
average carbon content be reduced to about 3.24 per 
cent. Adjustment of the charges actually reduced the 
carbon content to 3.32 and 3.34 per cent in Heats 105 
and 106. 

The results indicated that the tapping temperature 
of the iron had a strong influence upon its composi- 
tion. This was additional confirmation of the effect 
illustrated previously in Fig. 7. The effect of reducing 
the carbon content of the charge was apparently largely 
overcome by the high metal temperatures which pro- 
moted carbon pickup. The desired low level of carbon 
content in the iron could not be obtained at low mois- 
ture in the blast unless a more pronounced change was 
made in the composition of the metal charge, coke 
ratio, or blast rate. Such changes would introduce 
other variables which would be expected to influence 
the test and obscure the effect of the variable being 
studied. 

The somewhat low silicon content of the iron pro- 
duced from the adjusted metal charges helped to com- 
pensate for the high carbon content and bring the 
carbon equivalent closer to the desired low values. 


Chill Depth 


The chill depths of irons produced in Heat 105 were 
consistent with their carbon equivalents, but were 


TABLE 7—COMPARISON OF AVERAGE RESULTs OF HEATS 
105 anp 106 at Low MolsTuRE IN THE BLAST WITH 
Previous HEATs AT HiGH MOISTURE IN THE BLAST 





Heat Type of Coke Blast Rate, Blast Mois- Tapping Tem- 
No. Metal Charge Ratio 1Ib/min ture, gr/lb _ perature, °F 
105 Adjusted 74:1 12% 50 2770 
106 Adjusted 74:1 12% 36 2770 





21, 156 2695 


157 2725 
87 Standard 771A: ( 110 2755 
93 Standard 71,: , 138 2700 
88 Standard 771A: 219 2670 


95 Standard il 
98 Standard 514:1 


] 
] 


Heat Spout analyses, % Transverse Deflec- Impact Chill 
No. T.C. Si. C.E. Strength, Ib tion,in. Strength, Depth, 
ft-lb Yo in. 


$32 1. 3.90 2455 0.25 35.0 20 
$34 1. 3.91 2460 0.24 $4.5 24 


3.24 1. 3.85 2415 0.24 34.5 16 
3.87 2495 0.24 34.0 19 


3.30. 1.79 3.90 2360 0.27 $7.5 19 
3.24 1. 3.84 2490 0.25 38.0 21 
$.17 1. 3.74 2535 0.25 39.0 23 
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slightly on the high side for a given carbon equivalent. 
Chill depths of irons in Heat 106 were significantiy 
higher than expected for their chemical composition. 
The average chill depth of untreated irons in Heat 106 
was 24%, in. For the average carbon equivalent of 
these irons, the expected average chill depth was about 
1%, in. 

The results indicated that the chill depth for a given 
carbon equivalent increased when the steel content of 
the charge increased. This was in agreement with 
general commercial experience. The high chill depths 
in Heats 105 and 106 are believed to have been caused 
by changes in the composition of the metal charge, 
rather than a direct effect of moisture in the blast. Be- 
cause of increased absorption of carbon from the coke, 
the heats using larger amounts of steel scrap in the 
coke were actually operated with a smaller effective 
amount of coke for melting, although the initial 
amount of coke in the charges was the same. Generally, 
the use of more steel and less pig iron in the charges 
apparently altered the melting characteristics of the 
charges so as to produce higher chill depths for the 
same carbon equivalent: 


Metal Fluidity 

Spiral test molds in Heats 105 and 106 produced 
spiral lengths that were related to superheat by the 
same relationship as indicated in Fig. 12. Therefore it 
was indicated that moisture in the blast had no direct 
influence upon the fluidity of the iron. For a given 
amount of superheat, metal fluidity was about the same 
regardless of the amount of moisture in the blast used 
to produce the iron. Blast moisture, however, did af- 
fect fluidity indirectly by changing the chemical compo- 
sition and tapping temperature of the iron. 

If the amount of moisture in the blast had any direct 
effect upon metal fluidity, the effect was negligible 
when compared to the appreciable effects of metal 
composition and pouring temperature. 

Mechanical Properties and Response to Inoculation 

For untreated irons of a given carbon equivalent, 
transverse strengths in the two heats with adjusted 
metal charges were within the same range as in pre- 
vious heats, but were generally on the high side of the 
range. Deflections were within the ranges previously 
obtained. Impact strengths, although generally within 
the expected ranges, were on the low side of the ranges. 
The expected ranges, as plotted from previous heats, 
are shown in Fig. 16, 17, and 18. 

The results on mechanical properties indicated that 
the amount of moisture in the blast did not, in itself, 
have any appreciable effects on the mechanical proper- 
ties of the iron. Closer interpretation of the data was 
not justified because of the relatively small difference 
in chemical composition of Heats 105 and 106 as com- 
pared to heats using the standard metal charges. 

The response to inoculation of irons produced in 
heats with adjusted metal charges was similar to that 
of irons of similar chemical composition produced at 
higher blast moisture. The inoculated irons produced 
in Heats 105 and 106 had properties which were with- 
in the same bands as plotted in Fig. 16, 17, and 18 for 
heats with standard metal charges. At a given carbon 
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equivalent, the response to inoculation was apparently 
unaffected by the moisture content employed in the 
blast. 

HEATS AT TWO LEVELS OF BLAST MOISTURE 

Heats 103 and 104 were made to determine whether 
an appreciable change in blast moisture during the 
progress of a heat would cause a significant change in 
operating conditions and metal properties. 

Heats 103 and 104 were made with standard metal 
charges, a coke ratio of 714 to 1, and a blast rate of 
1214 lb per min. Both heats were about 114 hr long in 
order to furnish enough time to reach constant condi- 
tions of operation at two different levels of blast mois- 
ture. Twenty-eight taps were made in each heat. 

In each heat, the moisture in the blast was main- 
tained constant for the first 13 taps, Immediately after 
the thirteenth tap, the moisture in the blast was 
changed appreciably and held at a new level for the 
balance of the heat. Heat 103 was started at 170 grains 
of moisture per pound of air and finished at 49 grains 
per pound. Heat 104 was started at 42 grains per 
pound and finished at 172 grains per pound. 

Logs of the moisture content of the blast, tapping 
temperatures, total carbon contents, and chill depths 
obtained in Heats 103 and 104 are plotted in Fig. 19. 
These logs show a striking dependence of tapping 
temperature and metal properties upon the amount of 
moisture in the blast. The average tapping tempera- 
tures and metal properties obtained under each condi- 
tion of blast moisture in each heat are summarized in 
Table 8. The “expected” values listed in Table 8 were 
interpolated from the results of heats made with con- 
stant moisture in the blast. 


Tapping Temperature and Chemical Composition 

The average tapping temperatures obtained with 
each level of last moisture in Heats 103 and 104 
agreed well with the average tapping temperatures ob- 
tained at similar blast moistures in heats made with a 
constant amount of moisture in the blast. In each 
heat, the tapping temperature was uniform until the 
thirteenth tap, and then suddenly changed to a new 
level, as shown in Fig. 19, when the moisture content 
of the blast was changed. 

The carbon content of the iron in Heats 103 and 104 
responded rapidly to the change in blast moisture as 
shown in Fig. 19. Average carbon and silicon contents 
for each level of moisture in the blast were consistent 
with those obtained at similar blast moistures in pre- 
vious heats summarized in Table 8. 


Chill Depth 

The chill depths of irons produced in Heats 103 and 
104 also responded rapidly to the change in blast mois- 
ture and agreed well with the values obtained in heats 
at constant blast moisture. Because of the change in 
blast moisture during each heat, and because of the 
influence of blast moisture upon chemical composition, 
the chill depths in each heat varied over a wide range. 
Figure 20 illustrates that the variation in chill depth 
in both heats was consistent with the variation in 
chemical composition. There was no indication that 
chill depth was appreciably affected by any factor ex- 
cept chemical composition. 
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Fig. 19—Logs of Heats 103 and 104 at two levels of 
moisture in the blast. 


TABLE 8—AVERAGE TrEsr RESULTS OBTAINED DURING 
Heats 103 ANp 104 at Two LEVELs or BLAsT MOISTURE 





Heat 103 


Taps 5-13 
170 gr/lb 


Taps 19-26 
49 gr/lb 





Actual Expected 


Actual Expected 





Tapping Temp., 


, 2705 


Chill Depth, M4 in. ..... 25 
COQz in Stack Gas, % .... 10.9 


Total Carbon, % 
Silicon, % 
Manganese, % 
Phosphorus, 9 
Sulphur, % 


Tapping Temp., 
Chill Depth, 1% in, ..... 17 


COz in Stack Gas 


Total Carbon, % 
Silicon, % 
Manganese, % 
Phosphorus, 7, 
Sulphur, % 


f 


3.21 
1.74 
0.73 
0.14 
0.11 


2695 
24 
10.5 


3.23 
1.77 
0.75 
0.14 
0.11 


Hear 104 


Taps 5-13 
42 gr/lb 


2770 2780 
16 16 
12.3 10.5 


3.47 
1.80 
0.75 
0.14 
0.11 


Taps 19-26 
172 gr/lb 





Act ual Expected 


Actual Expected 





°F .... 2790 
, poe 


3.41 
1.86 
0.76 
0.14 
0.11 


2785 
16 
10.5 


3.41 
1.85 
0.81 
0.14 
0.11 








CHILL DEPTH —@& INCH 


D. E. Krause AND H. W. LOwNIE, JR. 





T i T 
RANGE OBTAINED IN 
HEATS AT CONSTANT BLAST —_ 
MOISTURE. g 

g ° | eo l 
© PaO 
wr le oa 

; 

Fae 


re 
ie) 


© HEAT 103 
@ HEAT 104: 





N 
wn 








tf 
o 


= 
~- 
~~! 
— 





a 





CHILL DEPTH, #5 INCH 
) 


























3.7 38 3.9 4.0 4.1 
CARBON EQUIVALENT, PER CENT 


Fig. 20—Relation of chill depth to carbon equivalent 
in heats at two levels of blast moisture as compared to 
heats made at constant blast moisture. 


HEATS WITH ADJUSTED COKE RATIO 
AND UNADJUSTED BLAST RATE 

Heats described previously have shown the effects of 
moisture in the blast upon cupola operation and metal 
properties at a coke ratio of 714 to | and a blast rate of 
1214 lb per min. Heats 94, 95, and 96, as listed in Table 
5, were made to determine the effects of moisture in 
the blast upon heats with coke ratios of 5.5 to 1 and 9.4 
to | and blast rates of 1214 1b per min. The purpose 
of these heats was to determine whether the changes in 
cupola operation and metal properties which resulted 
from variations in blast moisture could be compensated 
for by changing the coke ratio without changing the 
blast rate. The conditions for these three heats were 


as follows: 





Heat Coke Blast Rate, Blast Moisture, 
No. Ratio Ib/min gr/lb 

1214 33 
121 157 
I 33 





94 5. 
95 5. 
9 


96 


5 


5 
l~% 





Tapping Temperature and Chemical Composition 

Average tapping temperatures in Heats 94 to 96 
dropped when the amount of moisture in the blast was 
increased. With a blast rate of 1214 lb per min, the 
average tapping temperatures with either a 5.5 to 1 or 
a 9.4 to 1 coke ratio were lower than with a 714 to 1 
coke ratio. These results showed that with a blast rate 
of 1214 lb per min, a coke ratio of 714 to 1 approached 
the optimum conditions for highest tapping tempera- 
tures. Significant variations from the 7.5 to 1 coke 
ratio produced lower tapping temperatures and did not 
compensate for the temperature loss accompanying 
high moisture in the blast. The effects of changes in 
the coke ratio upon the average tapping temperature 
are illustrated in Fig. 21. 

At a coke ratio of -714 to I, it was found that the av- 
erage carbon content of the iron decreased appreciably 
when the moisture in the blast was increased. This was 
believed to be a natural accompaniment to the lower 
tapping temperatures obtained in heats with high mois- 
ture in the blast. When the amount of coke per split 
was increased to a ratio of 5.5 to | and the blast rate 
maintained at 1214 lb per min, the average carbon 
content of the iron was increased as shown in Fig. 22. 
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Fig. 21—Effect of blast moisture upon average tapping 
temperature of irons produced at several coke ratios 
and at a blast rate of 121% lb per min. 
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Fig. 22—Effect of blast moisture upon average chemical 
composition of irons produced at several coke ratios 
and at a blast rate of 121% lb per min. 


Therefore, the reduced carbon pickup obtained in 
heats with high blast moisture was partially compen- 
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sated for by increasing the amount of coke per split. 
Decreasing the amount of coke per split to a ratio of 9.4 
to 1 did not have any appreciable effect upon the aver- 
age carbon content of the iron at low blast moisture. 

Regardless of the coke ratio employed, silicon losses 
increased significantly when the amount of moisture in 
the blast was increased. However, with any given 
amount of moisture in the blast, silicon losses were re- 
duced slightly by increasing the amount of coke per 
split. ‘These results were in agreement with the assump- 
tion that conditions in the cupola became more oxidiz- 
ing when the moisture in the blast was increased or 
when the amount of coke per split was decreased. 

Manganese losses also increased slightly when the 
moisture in the blast was increased, but were not sig- 
nificantly affected by changes in coke ratio. Phosphorus 
content of the iron was not affected by either blast 
moisture or coke ratio. Sulphur pickup in the iron was 
not affected by blast moisture but was increased when 
the coke ratio was changed from 7/4 to 1 to 514 to 1. 
The nature of these changes in chemical composition 
is illustrated in Fig. 22. 


Chill Depth 


Chill depth at a given coke ratio was increased when 
the amount of moisture in the blast was increased. At 
a given blast moisture, chill depth increased when the 
amount of coke per split decreased. This effect is 
shown in Fig. 23. The effects of blast moisture upon 
chill depth were apparently direct reflections of its 
effect upon chemical composition, because, regardless 
of the coke ratio used in a heat, the chill depth was 
found to be proportional to the carbon equivalent and 
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Fig. 23—Effect of blast moisture upon average chill 
depth of irons produced at several coke ratios and at a 
blast rate of 121% lb per min. 
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Fig. 24—Relation of chill depth to carbon equivalent 
for five heats with low moisture in the blast and four 
heats with high moisture in the blast. 
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Fig. 25—Effect of blast moisture upon the average 
length of the first spiral poured in each series. Irons 
were produced at several coke ratios and at a blast rate 
of 121% lb per min. 
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to fall within the band previously plotted in Fig. 9 and 
20. As a further illustration of the apparent independ- 
ence of chill depth and the moisture content of the 
blast, Fig. 24 shows that the chill depths of irons pro- 
duced in five heats with blast moistures below 35 grains 
per pound had the same relation to carbon equivalent 
as irons produced in four heats with blast moistures 
above 135 grains per pound. 


Metal Fluidity 
The fluidity of irons produced in heats with coke 
ratios of 5.5 to 1 and 9.4 to | was directly proportional 
to the degree of superheat and fell within the same 
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band as previously plotted in Fig. 12 for a coke ratio 
of 714 to 1. Factors which reduced the carbon equiv- 
alent of the iron, or which lowered the tapping tem- 
perature, reduced the length that the iron flowed in 
the spiral test. 

Changing the coke ratio from 7/4 to | to 5.5 to | in- 
creased slightly the length of the first spiral poured in 
each series, as shown in Fig. 25. Apparently the fluidity 
of the iron benefited more from the increased carbon 
pickup at the 5.5 to | coke ratio than it suffered from 
the decreased tapping temperature. However, the 
change of coke ratio from 714 to | to 5.5 to 1 did not 
compensate for the low spiral lengths obtained with 
high moisture in the blast. 


Melting Rate 

In the operation of the 10-in.-diameter cupola, the 
time required to complete charging was the best meas- 
ure of melting rate when the coke ratio was constant 
in different heats. With different coke ratios, the best 
indications of the melting rate in l-hr heats were (1) 
the calculated melting rate between the fourth and 
sixteenth taps, and (2) the total elapsed time for each 
heat. 

Melting rate showed two definite trends; (1) slower 
melting when the blast moisture was increased, and 
(2) slower melting when the amount of coke per split 
was increased. For a blast moisture of about 33 grains 
per pound of air, melting rates under different coke 
ratios at a blast rate of 1214 lb per min were as 
follows: 





Total Time of 
Heat, min 


Heat Coke 
No. Ratio 
94 5.5- 8.6 91.1 
92 5- 10.4 72.8 
96 9.4- 12.6 65.2 


Calculated Melting 
Rate, lb/min 








These data emphasized that the cupola is fundamen- 
tally a coke-burning unit and that it can melt iron only 
so fast as it burns out the coke in the splits. 


CO, in Stack Gas 

Analyses of the stack gas for COg, as plotted in Fig. 
26, showed that the average CO, content increased 
when the amount of coke per split was decreased. 
Changes in the amount of moisture in the blast had 
little effect upon the amount of CO, in the stack gas. 

The stack gas analyses agreed with visual observa- 
tions made through peepholes in the cupola shell. The 
two heats with a coke ratio of 5.5 to 1 were seen to melt 
with a higher bed than those with a 7.5 to 1 coke ratio, 
and the 9.4 to 1 coke ratio produced melting with the 
lowest bed height. At each specific coke ratio, however, 
no difference in bed height could be seen with different 
amounts of moisture in the blast. 


HEATS WITH ADJUSTED COKE RATIO 
AND ADJUSTED BLAST RATE 
Results from Heats 94 and 95 at a coke ratio of 5.5 
to | and a blast rate of 1214 lb per min indicated that 
a simultaneous increase in the amount of coke per 
split and in the blast rate might help to compensate for 
the adverse effects of high moisture in the blast upon 
the operation of the cupola and the composition and 
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Fig. 26—Effect of blast moisture upon the average CO, 
content of the stack gas at several coke ratios and at a 
blast rate of 1214 lb per min. 


properties of the iron. Four additional heats were 
made with the standard metal charges, a coke ratio of 
5.5 to 1 and increased blast rates. The conditions for 
this group of heats were as follows: 





Heat Coke Blast Rate, Blast Moisture, 


No. Ratio Ib/min 
94 


95 
97 
98 
107 
108 








Tapping Temperature and Chemical Composition 

When the blast rate was increased from 1214 to 18 lb 
per min at a coke ratio of 5.5 to 1, the average tapping 
temperature increased appreciably as shown in Fig. 27 
and Table 5. The increase in tapping temperature at 
increased blast rate was about the same at low blast 
moisture as at high blast moisture. At each blast rate, 
the average tapping temperature was lowered by in- 
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Fig. 27—Relation of average tapping temperature to 
moisture content of the blast for a coke ratio of 5.5 to 
1 and various blast rates. The dotted line shows results 
obtained with a coke ratio of 7.5 to 1 and a blast rate 
of 1214 lb per min. 
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creasing the amount of moisture in the blast. The ad- 
verse effect of high moisture in the blast upon tapping 
temperature was evident at all conditions of coke ratio 
and blast rate tested. 

Figure 27 indicates that the operation of the cupola 
at a coke ratio of 5.5 to 1 was affected as much by in- 
creased moisture in the blast as at a coke ratio of 714 
to 1. At any level of blast moisture, higher tapping 
temperatures were obtained at a coke ratio of 5.5 to | 
and a blast rate of 18 lb per min than at a coke ratio 
of 714 to | and a blast rate of 1214 lb per min. In 
general, however, operation at a rich coke ratio and 
high blast rate was not an entirely satisfactory solution 
to operation with high moisture in the blast. 

The average total carbon content of the iron pro- 
duced at a coke ratio of 5.5 to 1 as shown in Fig. 28 was 
significantly higher than that produced at a coke ratio 
of 714 to 1. Increasing the blast rate with low moisture 
in the blast lowered the total carbon content slightly, 
but with high moisture in the blast, an increase in the 
blast rate increased the carbon content of the iron 
slightly. With high moisture in the blast, where the 
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Fig. 28—Relation of average chemical composition to 
moisture content of the blast for a coke ratio of 5.5 to 
1 and various blast rates. The dotted line shows results 
obtained with a coke ratio of 7.5 to 1 and a blast rate of 
121% lb per min. 


Buiast HumMipiry IN CUPOLA OPERATION 


total carbon content of the iron produced was re! .- 
tively low, an appreciable increase in carbon pickup 
with a coke ratio of 5.5 to 1 was obtained only at tiie 
high blast rate of 18 lb per min. At lower blast ratvs, 
carbon pickup at a coke ratio of 5.5 to 1 was not ap- 
preciably higher than with a coke ratio of 714 to 1 and 
a blast rate of 1214 lb per min. These results indicated 
that a rich coke ratio and high blast rate would tend to 
compensate somewhat for the effect of high moisture in 
the blast in reducing carbon pickup, but that the coin- 
pensation was only a fractional part of the loss attri- 
butable to the high moisture in the blast. 

At coke ratios of both 5.5 to 1 and 7.5 to 1, and at all 
blast rates tested, silicon and manganese losses in- 
creased when the amount of moisture in the blast was 
increased. The losses tended to -be lower with the 
richer coke ratios. The phosphorus content of the iron 
was not appreciably affected by either coke ratio or 
blast rate at any level of moisture in the blast. Sulphur 
pickup, as shown in Fig. 28, tended to increase when 
the amount of moisture in the blast was increased. 
Increasing the amount of coke per split or decreasing 
the blast rate at a given coke ratio also tended to in- 
crease sulphur pickup. Generally, sulphur pickup 
was increased by those factors which reduced the melt- 
ing rate or increased the tapping temperature. 


Chill Depth 
The effects of changes in coke ratio, blast rate, and 
amount of moisture in the blast upon chill depth of 
the iron were consistent with the changes in chemical 
composition. Irons produced under these various con- 
ditions all had the same relation of chill depth to car- 
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Fig. 29—Relation of chill depth to moisture content of 
the blast for a coke ratio of 5.5 to 1 and various blast 
rates. The dotted lines show results obtained with a 
coke ratio of 7.5 to 1 and a blast rate of 1214 lb per min. 
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bon equivalent as plotted in Fig. 20 and 24. At each 
condition of coke ratio and blast rate, an increase in 
the amount of moisture in the blast resulted in an 
appreciable increase in chill depth as shown in Fig. 29. 
Increasing the amount of coke per split, or decreasing 
the blast rate, resulted in a lower chill depth at any 
blast moisture, but this effect apparently was because 
of the effect upon chemical composition. The trends 
for the chill depths of both untreated irons and inocu- 
lated irons were in the same direction under all condi- 
tions of operation. 


CO, in Stack Gas 

As shown in Fig. 30, the average amount of CO, in 
the stack gas was not affected by the amount of mois- 
ture in the blast at any condition of coke ratio or blast 
rate. An increase in the amount of coke per split, 
however, decreased the amount of CO. in the stack 
gas, and an increase in the blast rate increased the 
amount of CO, in the stack gas. 


Blast Pressure 

Figure 31 illustrates the appreciable increase in blast 
pressure in the 10-in.-diameter cupola when the blast 
rate was increased. Changes in the coke ratio at con- 
stant blast rate had little effect upon the blast pressure 
because the permeability of the coke charges used in 
the 10-in.-diameter cupola was apparently only slightly 
less than that of the metal charges. These trends are 
worthy of notice because in commercial operations in 
larger cupolas the increase in blast pressure might pre- 
vent the use of an increased blast rate and richer coke 
ratio to partially compensate for the effects of high 
moisture in the blast. 


Mechanical Properties 
The mechanical properties of irons produced at 
various coke ratios and blast rates, and with different 
amounts of moisture in the blast, fell within the same 
bands as previously plotted in Fig. 16, 17, and 18. The 
mechanical properties in all heats were apparently de- 
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Fig. 30—Relation of average CO. content of stack gas 
to the moisture content of the blast for a coke ratio of 
>.5 to 1 and various blast rates. The dotted line shows 
results obtained with a coke ratio of 7.5 to 1 and a blast 
rate of 12% lb per min. 
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Fig. 31—Relation of blast pressure in 10-in.-diameter 
cupola to blast rate and coke ratio. 


termined by the chemical composition of the iron and 
not by the amount of moisture in the blast used to 
produce the iron. 


CONCLUSIONS 

As a result of 17 heats at coke ratios from 5.5 to 1 to 
9.4 to 1, and blast rates from 1214 to 18 lb per min, it 
was concluded that the amount of moisture in the blast 
had an appreciable effect upon the operation of a 10- 
in.-diameter cupola and upon the properties and com- 
position of the iron produced. 

At a coke ratio of 714 to 1 and a blast rate of 1214 Ib 
per min, an increase in the amount of moisture in the 
blast from 27. to 219 grains per pound of air resulted 
in an average loss of 135 F in tapping temperature, 
reduction in carbon content of the iron from 3.45 to 
3.17 per cent, increased losses of silicon and manga- 
nese, lowered melting rate, and more oxidizing condi- 
tions within the cupola. The changes in chemical com- 
position produced by changes in blast moisture were 
responsible for appreciable changes in the mechanical 
properties, chill depth, fluidity, and microstructure of 
the irons produced. A close relationship was found 
between the total carbon content of the iron and its 
tapping temperature. 

Throughout the investigation there was no indica- 
tion that the amount of moisttre in the blast had a 
direct effect upon the mechanical properties, chill 
depth, fluidity, or microstructure of the iron produced. 
The changes in these properties which accompanied 
changes in the amount of moisture in the blast were 
apparently directly related to changes in chemical com- 
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position and tapping temperature, and not to a direct 
effect of moisture in the blast. 

Heats made at two levels of moisture in the blast 
showed that the operation of the cupola and the prop- 
erties of the iron produced responded rapidly to a 
change in the moisture content of the blast. 

Increasing the amount of coke per split without a 
simultaneous increase in the blast rate did not compen- 
sate for the effects of high moisture in the blast. In- 
creasing the amount of coke per split with a simultane- 
ous increase in the blast rate tended to compensate 
partially for some of the effects of high moisture in the 
blast. The effects of changes in the moisture content of 
the blast were apparently more potent than changes in 
the coke ratio and blast rate under certain conditions. 

Generally, the results of the investigation showed 
that the effect of moisture in the blast is of considerable 
magnitude. Low moisture in the blast was indicated to 
be desirable for high tapping temperatures, high car- 
bon pickup, and high fluidity. High moisture in 
the blast was indicated to be desirable for low tap- 
ping temperatures, low carbon pickup, and increased 
strength in the irons produced. 
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DISCUSSION 


Chairman: A. E. Scuun, U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Co-Chairman: R. G. McEtwer, Vanadium Corp. of America, 
Detroit. 

L. G. Rosinson (Written Discussion)" This paper is particu- 
larly interesting to me because for over 10 years I have advo- 
cated to my foundry clients the use of more air and more coke 
to overcome the effect of humidity in cupola blast air. As a 
matter of fact I advocate the use of an exact addition, to the 
basic coke charge, or coke with the required air addition de- 
pending on the amount of moisture encountered in the air being 
used for the cupola. These amounts of coke and air are calcu- 
lated on the basis of the moisture present in the air, the heat 
loss caused by the moisture decomposition, and the extra coke 
required to supply the heat lost by this moisture decomposition 
as well as that required to maintain the same equilibrium be- 
tween the CO, and CO as established by the regular cupola 
operation of each particular cupola so as to maintain the tem- 
perature required at the spout of the cupola. It will be evident 
that this procedure not only maintains the same temperature of 
iron but also maintains the same type of melting and the same 
rate of melting. 


Biast HuMIDITY IN CUPOLA OPERATIC \ 


The present paper covers much of the same ground but h.s 
the advantage of proving the point experimentally instead of |-y 
actual practice which is my method. I am sure foundrymen wi!! 
appreciate the enormous amount of work done in these expei i- 
ments. 

Some years ago, in trying to find out what the tuyere size in 
a cupola should be, I made some experiments using a 5-in. I. }). 
laboratory cupola. This small cupola did melt iron but for 
the experiments I am now referring to I used only coke and air 
and measured temperature of the fire at several levels. In each 
experiment I used a definite tuyere ratio and a measured 
amount of air and took temperature at different levels in this 
cupola. A series of air amounts was used for each tuyere ratio 
and then the same thing was done for different tuyere ratios. 
Tuyere ratios varied from 1:2 to 1:10 in the whole series. Ail 
these were plotted between temperature and height above the 
tuyeres. The results showed that for each volume used in this 
constant size of cupola there was a definite tuyere size that gave 
the maximum temperature over the widest range in height. 
This experiment proved that the tuyere size in a cupola is much 
more critical than is generally supposed and that the tuyere 
size is dependent upon the volume of air used and the size of 
the cupola. 

My experience in actual foundry work as well as these ex- 
periments convince me that, if the tuyere size had been changed 
in the experiments of Messrs. Krause and Lownie when the 
volume was changed, the results of the experiments would have 
been modified to the extent that the air moisture would have 
been completely compensated. 5 

There is an economic aspect to this subject that should not 
be overlooked. How large must a cupola be or how large should 
a heat become to justify the installation of the necessary ap- 
paratus to modify the humidity of cupola air? All that is neces- 
sary is to use a little more coke and change the air during the 
comparatively short period of the year when the blast air is 
very humid. From 0 te 10 Ib of coke added to the regular dry 
air coke charge for 2000 lb iron charge is all that is necessary 
ordinarily in most localities from late Fall to early Spring. Dur- 
ing the Summer the additional coke required becomes higher 
depending on the locality. 

H. W. Lownie, Jr. (Authors’ Reply to Mr. Robinson): In the 
controlled heats made in the 10-in.-diam cupola,. it was found 
that alterations in the coke ratio and blast rate did not com- 
pletely compensate for the effects of moisture in the blast. In 
this small cupola, the amount of additional coke that -was re- 
quired to compensate adequately even for moderate changes in 
blast moisture was unduly high. In 1942, Herres and Lorig pub- 
lished a paper’ in which they presented detailed calculations and 
nomograms on the amount of additional air and coke theoreti- 
cally required to compensate for the heat lost when moisture was 
introduced with the blast. These calculations, and modifications 
of them, were used in setting up the experiments described in 
the present paper. It was found that the calculated additions 
only partially compensated for the effects of blast moisture. Ad- 
ditional work which has been done since the publication of the 
present paper indicates that an important effect of blast moisture 
is to reduce the maximum temperature of the bed. This reduc- 
tion in maximum bed temperature is not necessarily compen- 
sated for by increasing the amount of heat released at a lower 
temperature, as is the case when more coke and more air are 
added. 

In commercial experience with the effects of blast moisture 
in cupola operation, it has been our experience that control is 
better than compensation. There are already enough variables 
in cupola operation. Control of blast moisture eliminates one 
of them. On a practical commercial basis, compensation fo1 
moisture in the blast by changing the coke and air weights offers 
several practical difficulties. In commercial operation, the cupola 
melting rate is often varied by as much as 50 per cent during 
a single day in order to meet the requirements of the molding 
units. This variation in melting rate is obtained by drastic 
changes in the blast rate. Because charges are placed into the 
cupola about 40 min before they can be tapped, changes in blast 
rate usually cause appreciable changes in the air-coke ratio. 
Under conditions such as these, moderate changes in the coke 
charge and blast rate to compensate for changes in blast mois- 
ture would certainly be superfluous as far as improving the 
operation of the cupola is concerned. 
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in the last paragraph of his discussion, Mr. Robinson states 
that zero to ten pounds of coke per ton of iron will usually com- 
pensate for blast moisture changes from late fall to early spring. 
Based on a coke ratio of 8/1, this means that coke charges of 
250 Ib would be weighed to an accuracy of 5 Ib or less. Re- 
gaidless of claims to the contrary, there are few, if any, com- 
mercial foundries consistently weighing coke charges with this 
precision. The cost of maintaining and supervising such pre- 
cision would approach the cost of moisture-control equipment 
which would eliminate the variable of blast moisture. 

The authors heartily agree with Mr. Robinson that each 
foundry must examine its own requirements and practice to 
determine whether control of blast moisture is desirable for its 
operations. If the answer is in the affirmative, a further choice 
must be made as to whether the variable should be eliminated 
by installing blast-moisture control, or whether partial compen- 
sation by daily measurement of blast-moisture content and daily 
changing of the-coke ratio and blast rate is sufficient for its 
purpose. 

In our experiments, we did not change the size of the tuyeres 
as discussed by Mr. Robinson. In commercial operations, it is 
generally considered impractical to change the tuyere size when 
changing the blast rate. If Mr. Robinson’s suggestions for com- 
pensation for blast moisture were carried out with the precision 
which he suggests, daily changes in coke ratio, blast rate, and 
tuyere size would be required. If the operation of the cupola 
required several different melting rates during a single day, such 
corrections would have to be applied to each melting rate. There 
is evidence that, after several months, the mechanics of making 
these compensations become too much of a chore for most 
foundries, even though they begin the program with good inten- 
tions. Therefore, if moisture in the blast is admitted to be a 
significant variable in cupola operation in a specific foundry, 
it appears advisable to take measures to eliminate or control the 
variable to the best ability of the foundry. In some cases this 
will mean moisture control of the blast. In other cases, partial 
compensation for blast moisture by adjustment of the coke 
charge and blast rate might be the only course open. 

Mitton Tittey:* How did the authors establish their coke 
bed height in the first place as being correct? If the bed height 
was correct then the figures are O.K. But if it is not correct 
for that particular place, then the figures would be a little off. 
I would like to have seen, for instance, what effect there was in 
changing the blast volume with the same bed without any 
change in moisture. 

Mr. Lownie: In discussing bed height it is desirable to define 
what the term means. In the first place, we have an original bed 
height of 42 in. This is the height of incandescent coke above 
the lower tuyeres after the lightup and before the first metal is 
charged into the cupola. This bed height is controlled by follow- 
ing a specified and fixed lightup procedure and by checking the 
height of the bed during the lightup with a calibrated chain 
lowered through the charging door. We established 42 in. as a 
good original bed height by trial heats not described in this 
paper. With an original bed height over 42 in., it took an ex- 
cessively long time for molten iron to appear at the lower 
tuyeres. With an original bed lower than 42 in., the iron came 
down fast but the first few taps tended to be cold. These trial 
heats were made with a coke ratio of 7.5:1 and a blast rate of 
1214 lb per min until we were satisfied that a 42-in. original 
bed gave us good operation for this blast rate and coke ratio. 
In the interests of uniformity of operation, we then used this 
original bed height for all coke ratios and blast rates described 
in this paper and found that under each condition we got the 
heat off to a good start. 

After the cupola is put into operation, the bed height auto- 
matically finds its own operating level. We consider generally 
that the operating bed height is the distance from the lower 
tuyeres to the lowest level at which solid metal exists in the 
cupola charges. This operating bed height is controlled pri- 
marily by the coke ratio, the blast rate, and the nature of the 
metal charge, and secondarily by other factors. Once the coke 
ratio and blast rate are fixed for a given type of metal charge, 
the coke bed tends to find a fixed operating height which it will 
establish if the cupola is operated for a long enough time and 
which it will tend to hold if the operating conditions are not 
changed by disturbing influences such as coke “boosters.” There- 
fore, once we fix the type of charges, coke ratio, and blast rate, 
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we are essentially fixing the operating level of the bed. The 
cupola which we used has peepholes in the shell in the vicinity 
of the operating bed height which is usually of the order of 16 
to 24 in. above the lower tuyeres. Even with these peepholes, 
however, it was difficult to determine within a few inches what 
the actual operating bed height was for the various conditions 
of operation. 

R. W. Garpner:* Did the authors make an investigation of 
casting defects, such as pinhole porosity while making the 
examination of blast humidity in cupola operation? 

Mr. Lownie: Our tests were primarily concerned with the 
operation of the cupola and the mechanical properties and fluid- 
ity of the iron. We did not investigate the effects of moisture in 
the blast upon pinhole porosity, metal shrinkage in the mold, 
or other types of casting defects. 

Mr. GARDNER: Would it be economical to operate the cupola 
with reduced coke ratios with moisture control equipment? 

Mr. Lownie: That is the question which started this imvesti- 
gation. It has been known for some time that moisture control 
of the cupola blast has generally beneficial effects. The purpose 
of this investigation is to obtain factual quantitative data on 
blast-moisture control to establish whether it is economically a 
desirable accessory for a cupola. It appears that moisture control 
of the blast offers the possibility of (1) improving the uniform- 
ity of the iron produced or, (2) permitting the use of reduced 
coke ratios. Each of these possibilities must be considered ‘with 
a particular foundry installation in mind and consideration 
must be given to the type of operation that is desired and to the 
types of castings that are being made. This investigation has 
clearly shown to us that the primary advantage of moisture 
control of the blast is in the improved uniformity of operation 
and improved uniformity of metal properties when the moisture 
content of the blast is held constant. The improved control and 
uniformity obtainable with moisture-control equipment might 
not be of major advantage to a foundry producing medium and 
heavy castings, but might be extremely desirable in a foundry 
producing light castings such as piston rings or in a foundry 
producing chilled car wheels. It is granted that everything that 
improves the uniformity of operation in a foundry is desirable, 
but when the equipment required to produce this uniformity 
costs considerable money to install and maintain, then it be- 
comes a problem for each foundry to decide whether the equip- 
ment is economically justified on the basis of the over-all cost of 
producing castings of the desired uniformity and properties. 

As to the second possibility of using moisture control of the 
blast to permit the use of less coke in the cupola, a similar 
situation exists. This investigation showed that even by markedly 
increasing the amount of coke in cupola charges, it was not pos- 
sible to completely compensate for the effects of moisture in the 
blast. This leads to the conclusion that, in most operations, an 
appreciable saving in coke would not be expected from installa- 
tion of moisture-control equipment. However, it might be that 
in a particular commercial operation, a rich coke ratio is being 
used as regular practice to act as a safety factor for the occa- 
sional inroads of high moisture in the blast. In many cases it 
might not be realized by the cupola operator that he is regu- 
larly charging an excess of coke in order to provide the safety 
factor. Under such conditions, moisture control of the blast 
should permit a reduction in the amount of coke being charged 
because the safety factor is no longer needed for this purpose. 
If the cupola is being run on short heats or is not used for 
large tonnages, it might be more economical in the long run for 
the foundry to continue using more coke rather than to invest 
in blast-control equipment. In _ high-production cupolas, it 
might be more economical to provide the moisture-control equip- 
ment. Each foundry will have to decide the merits of moisture 
control of the blast against the cost of such control and decide 
on their particular operation. The purpose of this investigation 
and this paper is mainly to provide quantitative data which will 
help foundrymen to make this choice. 

A. I. Krynitsky:* What type of specimens did the authors 
use to measure the depth of chill? 

Mr. Lownie: The chill test specimen is poured in a core 
against a water-cooled steel plate. The specimen is 134 in. high 
and has a %4g¢-in. by 3-in. face against the steel plate. 

CHAIRMAN SCHUH: Mr. Lownie brought out the point as to 
how and why this investigation was initiated and undertaken. 
There was a group of foundries that were interested in this 
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problem and rather protracted efforts were made to try to get 
these correlations from actual field behavior and some good indi- 
cations were obtained but the information was not as clear-cut 
or as conclusive as was desired. That led to the setting up what 
to some may be a ludicrously small cupola, but the effort was 
made and the cupola, so to speak, was brought to the laboratory. 
It took some time to learn how to operate such an instrument, 
but I think the evidence indicates now that reasonably rigorous 
control over the melting factors and conditions can be exercised. 
As Mr. Lownie pointed out, the real next step is to get these 
results confirmed in the field where it may be necessary to exer- 
cise more controls than are conventionally in operation in order 
to get reliable confirmatory checks. 

J. T. MacKenzie:> The authors are to be commended for 
doing a fine job. I believe their results are correct for the condi- 
tions under which they operated, but I think it would be a bit 
bold to apply these results directly to larger cupolas. We have 
studied this problem statistically in Birmingham. We have no 
blast control. We cannot get the variation in temperature and 
humidity that the authors found in this small cupola. We oper- 
ate, I guess, the largest cupola in this country, producing 40 
tons an hour. We do not find that we have to vary the charge 
particularly either from the standpoint of analysis or from the 
standpoint of temperature. Our atmospheric temperature varia- 
tion the year ‘round in Birmingham, I suppose, are about the 
same as in Columbus, Ohio. It varies between 10 F below zero 
to 107 F above and the moisture varies from about 14 to 10 
grains per cu ft. 

There is another point in the operation of this cupola and 
that is in the coke size. When you break up coke to the size the 
authors used, all the poor coke goes through the screen, but 
when you charge with standard coke, you would put it all into 
the cupola. The authors used only tk > best part of it because 
the poor coke breaks up into smaller sizes than they use. 

When the authors vary the coke ratio, they vary the coke. 
The proper way to study variations in coke ratio is to establish 
the best depth of coke charge and then vary the iron. That 
would bring about more consistent results with coke ratios. 

Mr. Lownie: After about 4 years of operating this cupola 
under closely controlled conditions, we realize that the 10-in. 
cupola has certain limitations. It also has certain advantages, 
which, for the type of information we want, appreciably out- 
weigh the disadvantages. These advantages and disadvantages 
are described in some detail in a companion paper, “The De- 
sign and Operation of a 10-in. Diam Cupola.” See page 163. 

The appreciable effect of blast moisture upon the tapping 
temperature and composition of the iron in the 10-in. cupola 
may admittedly be more or less than that obtained in a larger 
cupola, but it is reasonable to assume that the effects will be 
in the same direction in both sizes of cupolas. We are all more 
interested in knowing how blast moisture affects the operation 
of large commercial cupolas than in how it affects a 10-in. 
cupola. Because we were not able to discover in the literature 
detailed quantitative data on the effects of blast moisture in large 
cupolas, and were not satisfied with the accuracy of the results 
we obtained when we conducted blast-moisture investigations in 
a larger cupola, we went to the 10-in. cupola simply because we 
felt that we could do a more satisfactory job under conditions 
in which variables could be more closely controlled. We feel 
that the method of attack was justified by the results and hope 
that some foundrymen become sufficiently interested in the re 
sults of this investigation to check our results in tests of similar 
accuracy in large commercial cupolas. Until such work is done, 
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we hearily agree with Dr. MacKenzie that the specific findin zs 
obtained in the 10-in. cupola should not be unqualifiedly applied 
to larger cupolas. 

The fact that Dr. MacKenzie reports less effect of blast mo’s- 
ture upon large cupolas in operation at Birmingham than we 
found in the 10-in. cupola may be a result of an appreciabie 
difference in bed conditions between the 10-in. cupola and a 
larger unit. In the 10-in. cupola, the air blast must penetrate 
only 5 in. to reach the center of the cupola. Therefore, we 
probably have a bed in which the entire cross-section receiy es 
a fair amount of blast and all of the iron that is melted must 
drop through this blast-permeated bed. In a large cupola, we 
believe that the blast does not penetrate to the center of tie 
cupola and, thus, a fair proportion of molten iron may drop 
through a region in which the coke is not as hot and in which 
there is essentially little blast penetration. Under these condi- 
tions, it is reasonable that the small cupola would amplify the 
effects of blast moisture obtained in a larger unit. If this reason- 
ing is good, then the effect of moisture in the blast would be 
proportionally reduced as the cupola diameter is increased. 

The coke that is used in the 10-in. cupola must necessarily 
be small. It is realized that this is one of the limitations that 
we must contend with in the operation of the 10-in. cupola. We 
size the coke very carefully and have used coke from the same 
shipment for all of these tests. In tests which have been made 
comparing various cokes as a cupola fuel, we have crushed and 
sized standard foundry cokes which were being used by com- 
mercial foundries in large cupolas. We found that cokes which 
yielded high tapping temperatures in the 10-in. cupola generally 
yielded high tapping temperatures in large cupolas. Cokes which 
were poor in our operations were generally poor in commercial 
operations. Although numerous points of difference in opera- 
tion can be picked out between the small-scale tests and com- 
mercial tests, the results were in essential agreement and valuable 
information was obtained from the small-scale tests. Insofar as 
testing cokes in a 10-in. cupola is concerned, it is felt that we 
are mainly testing the coke substance and are not taking into 
account the very important matter of coke strengh. Crushing 
loads in the 10-in. cupola are small and the coke is broken down 
before use so that breakage of the coke in the small cupola is 
quite minor. Therefore, a crushed and sized coke that is rela 
tively weak might behave satisfactorily in the 10-in. cupola, yet 
be quite unsatisfactory in a larger unit if it tended to break up 
because of its larger size and the higher crushing loads. Once 
again, this behavior represents a limitation of the 10-in. cupola 
when it is desired to extrapolate data to a larger cupola. The 
limitation is recognized, however, and has not proved to be 
serious enough to discourage use of the small cupola for obtain- 
ing certain types of data. 

Mr. MACKENzIE: We melt a 3% Si, 214% C iron in a 24-in. 
cupola for bolts. That cupola runs 8-hr heats; sometimes we 
run 16-hr heats. We do not get a normal production from this 
cupola. It runs about | ton per hr and even at that we pig a 
little iron. We have this cupola slowed down with coke using a 
1:1 ratio and about 4 oz of blast pressure. We do not have diffi- 
culty getting 2800 F iron with that set up, and it runs all day 
long. 

That is one of the things that makes me wonder when I see 
those differences in temperature when the authors went down 
to 514:1 ratio their temperature fell off with the lower blast. 
Phat is not nearly as bad as ours. We are running 4:1 with 4 oz 
of blast. 

Mr. Lownie (Authors’ Closure): ‘The authors appreciate the 
discussion which this paper has received and hope that future 
work which is now in progress will help us to obtain an even 
clearer picture of the effects of moisture in a cupola blast. 
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ABSTRACT 


The author presents method of metallographic specimen prep- 
aration, grinding and polishing, composition of etchants and 
specimen etching techniques, interpretation of microconstituents 
and microstructures in magnesium alloys. Numerous photo- 
micrographs illustrate the text. 


DURING THE LAST FEW YEARS, many foundries 
starting to cast magnesium alloys have found the need 
for a publication on the practical metallography of 
magnesium casting alloys. It is the purpose of this 
paper to bring together the metallographic tech- 
niques!!! that have proved most useful in the magne- 
sium foundry. The paper includes a method for speci- 
men preparation, the composition of etchants, the 
microconstituents in the alloys, and many special tech- 


niques that can be used on these alloys. The micro- 
constituents and results of the special techniques are 
illustrated with photomicrographs. 


Preparation of Specimens 


Specimens for microscopic examination should be 
representative. Sections from both thick and thin sec- 
tions of a casting should be taken. Chilled sections are 
not representative of the whole casting. The samples 
should be cut from the casting with the least possible 
working. A hack saw is satisfactory for sampling. If a 
large band saw is used for cutting up the casting, a 1- 
in. to 14-in. slice with a hack saw will remove the cold 
work produced by the band saw. The metal near the 
surface to be polished should not be clamped in a vice 
for sawing. 

Small or hard to hold specimens can be mounted in 
bakelite, styron or lucite. Samples for edge study shouid 
always be mounted. Bakelite has sufficient hardness for 
the examination of edge characteristics. Molten sul- 
phur can be poured around specimens to form a mount 
if a mounting press is not available. Woods metal or 
other metallic mounts should never be used for the 
magnesium alloys because of the galvanic effect during 
washing and etching. 

Many methods for grinding and polishing have been 


* Metallurgist, Magnesium Laboratories, The Dow Chemical 
Company, Midland, Michigan. 
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used and each metallographer may have his own tech- 
niques with which he can produce satisfactory sur- 
faces. One method’ that has proved ‘satisfactory for 
grinding and polishing magnesium casting alloys is as 
follows: 

Grinding—The grinding is done by successive use of 
aloxite cloths No. 50, 150 and 320 and emery paper No. 
0. The grinding can be done by hand with the aloxite 
cloth and emery paper placed on plate glass, or it can 
be speeded up by placing the cloths and paper on disks 
rotating over oil tanks as shown in Fig. 1. The oil 
catches the dust, keeping it from the operator’s face 
and also preventing any fire hazard from an accumula- 
tion of the fine magnesium dust. 

Each grinding step should be prolonged somewhat 
beyond the time required to remove the preceding 
scratches in order to reduce the cold-worked layer. 

Polishing—The polishing is carried out on two wet 
laps, both covered with a medium-nap polishing cloth. 
A distilled water suspension of 600 alundum is used on 


Fig. 1--Grinding wheels for magnesium alloys. Oil 
tanks below grinding wheels catch the fine magnesium 
dust. 
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the first wheel. The cloth is maintained just moist 
enough to prevent seizure of the specimen. The speci- 
men is rotated counter to the direction of the wheel 
until the scratches from the last emery paper have been 
removed and the specimen takes on a satin finish. Ex- 
cessive polishing on this wheel gives undesirable relief 
of some of the harder constituents. 

A suspension of relevigated alumina is used on the 
final polishing wheel. This can be prepared by thor- 
oughly shaking a good grade of commercial levigated 
alumina with distilled water and then siphoning off 
the upper 3 in. of the supernatant suspension after 
allowing it to stand for 45 min. The sediment can be 
reworked several times to yield additional solution. 
If a few scratches can be tolerated on the polished 
samples, the commercial grade of levigated alumina is 
satisfactory. Filtered soap solution is added to the 
above suspension in the proportion of 100 ml per liter. 
The specimen is rotated slowly counter to the direc- 
tion of the wheel until a very high gloss is obtained. 
The specimen is rinsed well in running water, then in 
alcohol, and then dried in a blast of air. The specimen 
is then ready for examination unetched or may be 
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etched with a suitable etchant to reveal the micro- 
structure. 


Etchants—Much can be accomplished with the cast 
magnesium alloys by the proper choice and use of 
etchants as will be shown throughout this paper. A 
list of the micro-etchants, with their compositions, 
etching technique, and uses is given in Table 1. Thlie 
picric acid etchants change their etching characteristics 
in a few hours and, therefore, cannot be made up in 
advance. However, the 5 per cent picral solution can 
be made in advance and used as a stock solution in all 
the etchants listed in Table 1 which contain picral. 


Macro-etchants are used occasionally to reveal the 
grain size, presence of porosity, cracks and oxide films 
in castings. For macro grain size in either as-cast or 
heat treated metal, the 100 picral-10 distilled water-5 
acetic acid etchant will give good contrast between the 
grains. For porosity, cracks, oxide films or other dis- 
continuities, a 10 per cent glacial acetic acid-water solu- 
tion can be used. The etchant is swabbed on the pre- 
pared surface for 10 sec to 3 min and then washed with 
more swabbing in running water. 


TABLE 1—ETCHANTS FOR MICROEXAMINATION 





Etchant 
No. Composition 


Etching Procedure 


Characteristics and Uses 





*5% picral 50 
Distilled water 
Glacial acetic acid 


*5% picral Same as above. 
Distilled water 
Glacial acetic acid 
*5% picral 
Distilled water 
Giacial acetic acid 


critical. 


*5%, picral 
Distilled water 


Hydrofluoric acid 
(48%) 10 ml 
Distilled water 90 ml 


*5% picral 10 ml 


Distilled water 90 ml alcohol and dry. 


*5% picral 100 ml 


Distilled water 10 ml alcohol and dry. 


Immerse face up with gentle agitation 
exactly 15 sec. Wash in running alcohol 
and dry in gentle stream of air. 


Same as above except time of etching not 


Immerse face up for 30 sec, wash in run 
ning alcohol and dry in stream of air. 


Immerse face up for 1 to 2 sec, wash in 
water, then alcohol and dry. 


Immerse face up for 15 to 30 sec, wash in 


Immerse face up for 15 to 30 sec, wash in 


Shows trace of basal plane. Sensitive to 
solid solution composition. Distinguishes 
between microshrinkage and fusion voids. 
Reveals temperature of aging. 


Same as above except different range of 
solid solution composition as shown by 
the curves in Fig. 18. _ 


Reveals grain boundaries in as-cast metal. 
Stains grains of various orientation dif- 
ferently. Very sensitive in revealing dis- 
tortion. 


Greater contrast between Mg;Si compound 
and Mn. Mg,Si is briiliant blue. Mn is 
dull gray. 


Darkens Mg,;Al,, compound and_ leaves 
Mg.,Al,Zn, ternary compound unetched 
and white. 


Used after HF etchant to darken matrix 
to give better contrast between matrix and 
white ternary compound. 


Gives good contrast between types of 
precipitate. 


*5% picral 


100 


Orthophosphoric acid 0.7 


Ethylene glycol 
Distilled water 
Conc. nitric acid 


Ethylene glycol 
Glacial acetic acid 
Distilled water 
Conc. nitric acid 


10 


75 
24 
I 


60 
20 
19 

l 


ml 
ml 


ml 
ml 
ml 


ml 
ml 
ml 
ml 


Immerse specimen face up for about 10 
to 20 sec or until the polished surface is 
darkened. Wash with alcohol and dry. 


Immerse specimen face up with gentle 
agitation for 3 to 5 sec for as-cast or aged 
metal. Up to 1 min for HT metal. Wash 
with water, then alcohol and. dry. 


Immerse specimen face up with gentle 
agitation for 1 to 3 sec for as-cast or aged 
metal, 10 sec for HT metal. Wash with 
water, then alcohol and dry. 


For estimating the amount of massive 
compound. Stains matrix and leaves com- 
pound white. 


Shows general structure. 


Show general structure. Grain boundaries 
in HT castings. 


* 5%, picral contains 5 grams picric acid dissolved .in ethanol to make 100 ml. Picral can be made in advance and used as stock 


solution. 














Pearlitic Precipitate 


Mg.7Ah. 
aMg 





Fig. 2—Magnesium-aluminum eu- 
tectic in Al0 alloy (Mg—10Al-0.1 
Mn). Globules of the aMg are em- 
bedded in the Mg,,Al,, compound 
to form the eutectic. “Pearlitic” pre- 
cipitate surrounds the eutectic. 
Etched 5 sec in etchant No. 9. 500X. 
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Pearlitic Precipitate = 


Fig. 3—Magnesium-aluminum eu- 
tectic in AZ63 alloy (Mg-6Al-3Zn- 
0.2Mn). This completely divorced 
eutectic consists of the massive Mg17 
Al,, compound and some of the sur- 
rounding aMg. “Pearlitic” preci- 
tate surrounds the eutectic. Etched 
5 sec in etchant No. 9. 500X. 


lig. 4 —Mg;Al,Zn,; compound in 
AZ63 alloy. Etched with the HF 
etchant No. 5 followed by etchant 
No. 6, the ternary compound re- 
mains white and the Mgy,,Alj, is 
darkened. One particle of Mg,Si 
(gray) is also shown. 500X. 
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Fig. 5—Types of precipitate. A is 
the “pearlitic” type; B is the fine 
Widmanstatten type. Glycol etchant 
No. 9. 500X. 


Mg. Si 
lig. 7—Typical appearance of the 
Mg,Si compound, with an included 
manganese particle, unetched. 1000 
X. 

Mn 


~ 
ol » 
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Fig. 6 — Manganese particles, un- 
etched. 500X. 





Fig. 8—“Chinese Script” appear- 
ance of the Mg,Si compound, un- 
etched. 500X. 
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Fig. 9—Eutectic network in EM62 
alloy. Eutectic consists of the light 
gray Mg,Ce compound plus the a 
Mg solid solution. Few small man- 
ganese particles are shown. Acetic 
glycol etchant No. 10. 250X. 











Fig. 10—Sand cast AZ92 alloy. The massive Mg,;Al jo, 

the pearlitic precipitated compound, Mg solid solu- Fig. 11—Microshrinkage in AZ63 alloy. Unetched. 
tion, an Mg,Si particle and a manganese particle are 100X. 

all shown. Glycol etchant No. 9. 500X. 


Fig. 12—Fusion voids from improper heat treatment. 
Glycol etchant No. 9. 300X. Fig. 13—Oxide skins, unetched. 250X. 








Microconstituents 

Aluminum—Aluminum is the chief alloying constitu- 
ent in magnesium castings. It forms an eutectic net- 
work consisting of the compound Mg);Al,. and the 
a—Mg solid solution. Figure 2 shows this eutectic in 
an Al0 alloy (Mg—l0AIl-0.1Mn). The fairly massive 
Mgi7Al,2 and the precipitated compound are both 
shown with an a—Mg matrix. 

Zinc—Zinc in magnesium forms an eutectic very simi- 
lar to that formed by aluminum. The eutectic consists 
of a Mg-Zn compound and the a—Mg solid solution. 
However, in most of the casting alloys zinc is added in 
conjunction with aluminum. It changes the appear- 
ance of the eutectic, somewhat, by making it a com- 
pletely “divorced” eutectic. The eutectic consists of 
the massive compound plus some of the a—Mg solid 
solution around it. Figure 3 shows this eutectic with 
the compound more massive than in Fig. 2 without 
zinc. If the percentage of zinc in the alloy exceeds the 
ratio 1Zn:3Al, a ternary compound. Mg;Al,Zn; can be 
found in the as-cast condition. Figure 4 shows small 
amounts of the white Mg;Al,Zn; in an AZ63 alloy 
(Mg-6A1-3Zn-0.2Mn). 

In both the magnesium-aluminum and the magnesi- 
um-aluminum-zinc alloys the Mg,;Al,. compound may 
be precipitated from the solid solution to form a “pear- 
litic’ type of precipitate at the boundaries, or a fine 
Widmanstatten type within the grains as shown in 
Fig. 5. 

Manganese— Manganese is added to most commercial 
alloys to increase corrosion resistance. It appears in the 
microstructure as irregularly shaped bluish-gray pri- 
mary crystals as shown in Fig. 6. The solubility of man- 
ganese in magnesium is greatly diminished by the addi- 
tion of aluminum. Therefore, more primary crystals 


Fig. 14—As-cast structure of AZ92 alloy. Glycol etchant 
No. 9. 250X. 
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can be seen in the magnesium-aluminum-mangane,e 
alloys than in the magnesium-manganese alloys, ev: n 
though the manganese content is much higher in the 
latter. 

Silicon—Silicon forms the Mg,Si compound in may- 
nesium alloys. This compound can be distinguished 
from the manganese by its brighter blue color, and by 
the fact that it polishes less in relief than the manga- 
nese. The Mg Si compound has a “Chinese script” 
appearance when the silicon exceeds 0.2 per cent. Fig- 
ure 7 shows a typical particle of Mg.Si with an in- 
cluded manganese particle while Fig. 8 shows the “Chi- 
nese script” appearance when the silicon is present in 
larger amounts. 

Cerium—Cerium is added to magnesium as Misch- 
metal, an alloy containing 45-50 per cent cerium, 22- 
25 per cent lanthanum and 23-27 per cent other rare 
earth metals. Inasmuch as the structures produced by 
these rare earth metals are similar, the alloys will be 
considered magnesium-cerium alloys.1? 

The magnesium-cerium alloys contain a “divorced” 
eutectic which forms a network at the grain boundaries 
and a dendritic pattern. The eutectic consists of the 
massive Mg,Ce compound and the a—Mg solid solution. 
Figure 9 shows the massive MgyCe in an EM62 alloy 
(Mg-6Ce-2Mn). Small manganese particles can also 
be seen in this photomicrograph. 

The microstructures produced by the above ele- 
ments, with the exception of cerium, can be summar- 
ized in the as-cast structure of AZ92 (Mg—9AI-2Zn- 
0.1Mn) alloy shown in Fig. 10. The photomicrograph 
shows the Mg,;Al,. compound both in the massive and 
‘pearlitic’ precipitated form, a particle of Mg.Si, and 
manganese all in the a—Mg solid solution matrix. The 
ternary Mg;Al.Znz does not appear in this alloy be- 


Fig. 15—Solution heat treated AZ92 alloy. Acetic gly- 
col etchant No. 10. 250X. 
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cause the Zn:Al ratio is below 1:3. 

Other Structural Features—Two types of voids may 
occur in magnesium castings: (1) Microshrinkage 
which is produced during the solidification of the 
metal: the last low melting portion of the melt fails to 
feed into the shrinkage cavities around the primary 
a~Mg dendrites (Fig. 11); (2) Fusion voids which are 
caused by eutectic melting from improper heat treat- 
ment of the castings (Fig. 12). These voids will be dis- 
cussed more fully later. 

Oxide skins are occasionally found in magnesium 
castings and appear as thin irregular lines as shown in 
Fig. 13. 


Effect of Heat Treatment 

Solution heat treating magnesium alloy castings of 
the magnesium-aluminum or magnesium-aluminum- 
zinc type increases their tensile strength, ductility and 
toughness. This treatment dissolves the Mg,7Al,. com- 
pound in the a—Mg phase as shown in Fig. 14 and 15. 
Small particles of Mn and Mg,.Si are left undissolved 
by this heat treatment. 


Precipitation heat treatment, or aging, increases the 
yield strength and hardness, leaves the tensile strength 
essentially unaffected, and decreases the ductility. This 
treatment precipitates the Mg,;Al,;. compound in a 
finely divided state which can form a “pearlitic” or a 








Fig. |6 
Rating Chart for Massive 
Gompound in Cast Magnesium 
Alloys. Phospho-picral etchant 
magnification 


No.8: Original 


100X on 3x4-in prints. 











140 


fine Widmanstatten type of precipitate as already 
shown in Fig. 5 and aiso shown in Fig. 29 and 30. 


Special Techniques 


Estimating Amount of Massive Compound—It is often 
necessary to estimate the amount of massive* com- 
pound in magnesium castings, especially for determin- 
ing the quality of a solution heat treatment. This can 
be accomplished by etching the freshly polished sample 
in etchant No. 8 given in Table | and projecting the 
average microstructure on a 3-in. x 4-in. rectangle on 
the screen of the microscope at a magnification of 
100X. The image is compared with the photomicro- 
graphs in the compound rating chart shown in Fig. 
16.** The number below the photomicrograph that 
has approximately the same area of compound as the 
reflected image will be the compound rating. This 
chart is based on as-cast AZ92 alloy having a rating of 
10 and a perfectly heat-treated AZ92 alloy with no mass- 
ive compound present having a rating of 0. The inter- 
mediate photomicrographs have progressively more 
compound as the number increases. 


Analyzing Solid Solutions—It is possible to analyze 
various parts of the solid solution in a single grain in 
magnesium casting alloys. The freshly polished speci- 
men is placed face up in either etchant No. 1 or No. 2 
(Table 1) for exactly 15 sec, removed, washed in run- 
ning 95 per cent ethanol and dried in a gentle stream 
of air. The etchant forms a film on the polished sur- 
face which, when dried, cracks parallel to the trace of 
of the basal plane in each grain. Figure 17 shows the 
cracked film on a partially heat treated AZ92 alloy 
when etched in etchant No. 1. 

The cracking of the film is sensitive to the composi- 


* The term “massive compound” is used to designate the large, 
bold compound particles formed during solidification of the melt 
to differentiate them from the finely divided precipitated com- 
pound. 

** Full size charts can be obtained from The Dow Chemical 
Company, Midland, Michigan. 


Fig. 17—Partially heat treated AZ92 alloy showing the 
low and high composition areas in the solid solution. 
Etchant No.-1, 250X. 


METALLOGRAPHY OF CAst MAGNESIUM ALLOYs 


tion of the underlying solid solution. Etchant No. 
forms a cracked film or line structure on magnesiur 
solid solutions with the compositions found above 
curve No. | shown in the magnesium corner of the 
ternary Mg-Al-Zn diagram, Fig. 18. Etchant No. 2 
forms a cracked film on compositions within both curve 
No. | and curve No. 2 in Fig. 18. In alloys that have 
heterogeneous solid solutions, such as the partially 
heat treated AZ92 alloy in Fig. 17, the boundary be- 
tween the cracked film and the continuous film has the 
composition of the intersection point of curve No. | 
and a line drawn between the magnesium corner and 
the average composition of the alloy in Fig. 18. 
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Fig. 18—Magnesium corner of Mg—Al-Zn ternary dia- 
gram showing composition of solid solution that pro- 
duces the cracked film. 

















Showing Diffusion—Since the etchants just described 
are sensitive to composition it is possible to show the 
diffusion of the aluminum and zinc from the massive 
compound in the as-cast magnesium alloys to the a—-Mg 
solid solution during heat treatment. The etching pro- 
cedure is the same as that described under “Analyzing 
Solid Solutions.” Etchant No. | is used for AZ92 alloy, 
and etchant No. 2 is used for AZ63 alloy. Figure 19 
shows the diffusion of the aluminum and zinc into the 
a—Mg crystals in AZ92 alloy heat treated for various 
lengths of time. The composition of the boundary be- 
tween the cracked and continuous film can be esti- 
mated from curve No. | in Fig. 18. 

Distinguishing Microshrinkage from Fusion Voids— 
Distinguishing microshrinkage, which occurs during 
solidification, from fusion voids, produced by improper 
heat treatment, in the magnesium alloy castings has 
been difficult. 

Three methods are used to show this distinction. 
One is to reveal the shape of the holes by careful polish- 
ing, the fusion void produced by eutectic melting dur- 
ing heat treatment tend to have smooth concave sides 
with sharp points extending along the grain boundar- 
ies as shown in Fig. 12, while holes caused by micro- 
shrinkage tend to have an irregular outline as in Fig. 
11. The second method can be used if the metal has 
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5.5 Hr at 770 F 





As-Cast and Preheat 


2.4 Hr at 770 F 


6.8 Hr at 770 F 


Fig. 19—Diffusion of aluminum and zinc during heat 
treatment of AZ92 alloy. Etchant No. 1. 250X. 





been aged or if some aging has occurred during cooling 
from the heat treating temperature, the areas in which 
microshrinkage have occurred will contain less precipi- 
tate than nonporous areas, while areas around fusion 
voids will contain an average or more than average 
amount of precipitate. Figure 20 shows the precipi- 
tated compound around fusion voids and Fig. 21 the 


absence of precipitate in the region of microshrinkage. 

A third method that can be used on heat treated 
AZ63 alloy containing no precipitated compound, 
makes use of Etchant No. | because of its sensitivity to 
the composition of the solid solution. The freshly 
polished specimen of AZ63 alloy containing voids is 
immersed face up in etchant No. | for 15 sec, washed 








Fig. 20—Precipitated compound around fusion voids Fig. 21—Absence of precipitated compound in area of 
Glycol etchant No. 9. 100X. microshrinkage. Glycol etchant No. 9. 100X. 


Fig. 22—Absence of cracked film in.area of micro- Fig. 23—Cracked film around fusion voids in AZ63 al- 
shrinkage in AZ63 alloy. Etchant No. 1. 100X. loy. Etchant No. 1. 100X. 


| ae 


Fig. 24—AZ63 alloy showing the darkened Mg,,Al,, 
and the white Mg;Al,Zn;. HF etchant No. 5 followed Fig. 25—Same area as shown in Fig. 24. Glycol etchant 
by the picral-water etchant No. 6. 200X. No. 9. 200X. 
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Zn% 
Fig. 26—Line drawn on the Mg-Al-Zn diagram to Fig. 27—Heat treated AZ63 alloy showing no cracked 
divide the composition which contain all Mg,,Al,, film with etchant No. 1. 250X. 
massive compound from the compositions that contain 
some Mg;Zn,Al, ternary compound in the as-cast state. 


<& * i : Bet . * 
a ees - mT OE: lie ; Fig. 29—Typical aged condition of AZ63 alloy. Note 
2 28—Heat treated AZ92 alloy showing cracked film the small amount of well defined “pearlitic” precipi- 
with etchant No. 1. 250X. tate. Glycol etchant No. 9. 250X. 


Fig. 30—Typical aged condition of AZ92 alloy. This 

alloy contains more “pearlitic” precipitate and it is Fig. 31—Contrast between grains due to orientation 
less defined than in the AZ63 alloy. Glycol etchant No. differences under polarized light. Heat treated AZ92 
9. 250X. alloy. Etchant No. 3. 100X. 
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in running 95 per cent ethanol, and dried in a gentle 
stream of air. This produces a cracked film around the 
voids if they are caused by improper heat treatment be- 
cause this area will have an alloy content greater than 
the average composition of this alloy and above curve 
No. | in Fig. 18. The film will not crack around the 
voids if they are due to microshrinkage as the alloy 
content in the region of such voids is below the average 
composition of AZ63 alloy and far below the composi- 
tion shown by curve No. | in Fig. 18. Microshrinkage 
and fusion voids in AZ63 alloy are shown in Fig. 22 
and 23. The cracked film is produced around the 
fusion voids but none appears around the micro- 
shrinkage. 

Distinguishing Phases—A large difference of color be- 
tween the Mg.Si compound and the manganese con- 
stituent can be obtained by using etchant No. 4 (Table 
1). 

The freshly polished specimen is immersed face up 
in the etchant for 30 sec, washed in alcohol, and dried 
in a stream of air. The Mg.Si becomes a brilliant blue, 
while the manganese retains its usual gray color. 

Distinguishing between the intermetallic com- 
pounds, Mg;;Al,. and Mg;Al.Zn;, is possible with 
etchant No. 5 (Table 1). 

The freshly polished specimen is immersed face up 
in the etchant for | sec, washed in running water, then 
in alcohol, and dried in a stream of air. The Mg,;Al,. 
darkens, while the ternary compound remains white. 

To give more contrast between the white ternary 
compound and the matrix, the specimen, after receiv- 
ing the hydrofluoric acid etch, can be immersed in 
etchant No. 6 (Table 1) for 10 to 15 sec. This stains 
the matrix a golden color, giving good contrast  be- 
tween all phases present. Figure 24 shows an AZ65 
alloy etched in these two eichants. The Mg,;Alj, is 
darkened by the hydrofluoric acid etchant while the 
Mg;Al.Zn, compound remains white. The matrix is 
stained slightly to give better contrast. Figure 25 shows 
the same area repolished and etched with the glycol 
etchant No. 9 (Table 1). No difference can be seen 
between the two compounds. The binary magnesium 
and zinc compound also remains white when etched in 
the hydrofluoric acid solution. 

Distinguishing Between Alloys—AZ92 alloy and AZ63 
alloy in the as-cast condition can be distinguished from 
each other by etching in the hydrofluoric acid solution. 
The ternary compound, Mg;Al1.Zn;, is found in AZ63 
alloy, while AZ92 alloy contains only the Mg,;Alj> 
compound. The 10 picral—90 water etchant should be 
used each time after the hydrofluoric acid etchant to 
make certain that the ternary compound is not over- 
looked because of the lack of contrast with the matrix. 
Also, it is necessary to employ a magnification of 250X 
or over to make certain the ternary is being resolved. 

The ternary compound or one of the magnesium— 
zinc compounds is found in all alloys when the compo- 
sition is to the right of the line drawn on the Mg—Al-— 
Zn diagram shown in Fig. 26, while only the Mg,7Alj> 
compound is found in alloys with the composition to 
the left of the line. AZ92 alloy has a composition to 
the left of the line while AZ63 alloy has a composition 
to the right of the line. 
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When the AZ63 and AZ92 alloys are in the heat- 
treated condition and contain little massive compoun |, 
they can be distinguished from one another by the ue 
of etchant No. 1. This etchant produces the cracked 
film on the heat-treated AZ92 alloy and not on the 
heat-treated AZ63 alloy. The composition of the AZ&2 
alloy lies within curve No. 1, Fig. 18, while AZ63 alloy 
lies outside of curve No. 1. Figure 27 shows the a)- 
sence of the crack film on AZ63 alloy and Fig. 28 shows 
the cracked film on AZ92 alloy both etched with 
etchant No. I. 

Heat-treated and aged AZ63 and AZ92 alloys can be 
distinguished by the amount and type of precipitate. 
AZ63 alloy contains more of the fine Widmanstatten 
type precipitate and the areas of the two types of pre- 
cipitate are easily distinguished as shown in Fig. 29. 
AZ92 alloy contains more of the “pearlitic” type of 
precipitate and it is difficult to distinguish between 
areas as can be seen in Fig. 30. 

Determining Orientation—Magnesium alloys do not 
lend themselves to methods of determining orientation 
by means of etch pits as do some of the other metals 
shown by Barrett and Levenson." 

The trace of the basal plane in each crystal can be 
determined by the use of etchants No. | and 2 since the 
film formed on the specimen by these etchants, when 
dried, has been shown by X-ray methods to crack paral- 
lel to the trace of the basal plane in each grain. If the 
grains are distorted or if the basal plane is parallel to 
the polished surface, the cracks in the film do not 
follow definite directions. This is shown in a few of 
the grains in the photomicrograph in Fig. 28. 

The slope of the basal plane can be determined by 
the following method: The freshly polished specimen 
is immersed face up in etchant No. 3 (Table 1) for 10 
to 20 sec, washed in running 95 per cent ethanol and 
dried in a stream of air. It is then placed on a revolv- 
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Fig. 32—Degree of rotation of the revolving mechani- 
cal stage under polarized light, compared with the 
angle between the etched surface and the basal plane. 
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Fig. 33—Heat treated AZ92 alloy etched in the acetic 
glycol etchant No. 10 on the left and etchant No. 3 on 
the right. 400X. Note the appearance of the twins in 
the center grain of the right-hand picture. 
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ing mechanical stage of a metallurgical microscope 
and revolved under polarized light. The grains with 
basal planes parallel to the polished surface remain un- 
changed and dark as the stage is revolved, while grains 
with basal planes at an angle with the polished surface 
change from light to dark. The maximum number of 
degrees of rotation of the stage through which the 
darkened grains remain dark is measured. Then from 
the curve in Fig. 32 the angle between the polished 
surface and the basal plane is easily estimated. 

When viewed under the bright field of a microscope, 
the grains that appear light have basal planes nearly 
parallel to the etched surface while the grains that 
appear dark have basal planes nearly perpendicular to 
the surface. Figure 31 shows an AZ92 alloy in the heat- 
treated condition etched to show orientation of the 
grains under polarized light. 

Showing Results of Cold Work—Twinning and dis- 
tortion in the magnesium alloys can be shown to a re- 
markable extent by the use of the 100 picral—10 water- 
5 acetic acid etchant described under “Determining 
Orientation.”” The etching procedure is the same as 
previously described. Twins that are not revealed by 
other etchants are readily detected by this etchant. 
Figure 33 shows the same area on an AZ92 alloy, etched 
with the acetic glycol etchant No. 10 (Table 1) and 
with this picral—water—acetic acid etchant. The twins 
are hidden when etched with the acetic glycol but are 
clearty shown with this etchant. The picral—water- 
acetic acid etchant sharply outlines the twins and colors 
them a different color from the matrix because of their 


different orientations. 

Revealing Grain Boundaries—Determining the grain 
size in heat treated castings has offered little difficulty. 
The grains are revealed with the acetic glycol etchant 
No. 10 (Table 1). The grain size can be obtained by 
any of the usual methods or can be estimated by com- 
parison with a grain size chart, an example of which is 
shown in Fig. 34.* This comparison method makes it 
possible for rapid grain size determinations. It will be 
noted that whole numbers are substituted for thou- 
sandths of an inch on the chart. 

Grain size measurements on. magnesium alloys in 
the as-cast condition have been difficult. The 100 
picral-10 water—5 acetic acid etchant previously de- 
scribed reveals the grain in the as-cast metal. 

The freshly polished specimen is held face up in the 
etchant and gently agitated for 5 sec. It is removed, 
washed in running alcohol, and dried in a stream of 
air. This etchant has three characteristics that enter 
into its ability to reveal the grains in as-cast magnesium 
alloys: 

1. The grain boundaries are revealed between the 
massive compound particles. 

2. Contrast is shown between one grain and an- 
other because of the etchants’ ability to stain grains 
differently depending on their orientation. 

3. Twins are revealed that run in given directions 
in each grain, which produces still more contrast be- 


* Full sized charts can be obtained from The Dow Chemical 
Co., Midland, Mich. 
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Fig 34 
Grain Size Ghert. Acetic- 
glycol etchent No.10. Original 
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tween grains. 

Figure 35 shows the grains in as-cast AZ92 alloy as 
.evealed by this etchant. 

In obtaining grain sizes on as-cast magnesium alloys, 
it is advantageous to leave some of the twinned metal, 
produced by sawing, on the specimen. This is usually 
easy to do, in fact, much careful grinding and polish- 
ing is required to remove the cold-worked layer. 

The same etchant is excellent for macro-grain size 
determinations in all magnesium alloys in the as-cast 
or heat-treated condition. 

The etched samples can be compared visually with 
the macro-grain size chart in Fig. 36. 

A more accurate method for determining the grain 


size in metal with grains larger than 0.010 in. requires 
a microscope with a revolving stage and polarized 
light. The sample etched with the 100 picral—-10 water- 
5 acetic acid solution is revolved slowly under polar- 
ized light and viewed on the 3-in. x 4-in. screen at a 
magnification of 25X and compared on the grain size 
chart in Fig. 34. The number below the photo-micro- 
graph is multiplied by four to give thousandths of an 
inch. 

Producing Contrast in Precipitates—At times it is dif- 
ficult to obtain good contrast between the two types of 
precipitate found in the magnesium-aluminum and 
magnesium—aluminum-zinc. This is especially true in 
the AZ92 alloy. Etchant No. 7 gives good contrast be- 
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Fig. 35—Grain boundaries in as-cast AZ92 alloy. Twin- 
ning was intentionally left in specimen to help reveal 
the grains. Etchant No. 3. 200X. 


tween the “pearlitic” type and the fine Widmanstatten 
type of precipitate. Figure 37 shows an aged AZ92 
alloy etched for 20 sec in this solution. The areas of 
the two types of precipitate are clearly distinguished. 

Determining Aging Temperature—It is possible to 
show, roughly, the temperature of aging for the cast 
magnesium alloys. Etchant No. | is used as previously 
described. The aging temperature is determined by 
the amount of film cracking produced by this etchant. 
Figure 38 shows etchant No. | used on AZ92 alloy 
aged 15 hr at 300, 325, 350, 375 and 400° F. The 
amount of the cracked film decreases as the tempera- 
ture of aging increases and entirely disappears above 
400° F. Film cracking has been investigated for aging 
times between 5 and 25 hr at the above temperatures 
and it has been found that these times of aging do not 





Fig. 37—Aged AZ92 alloy showing contrast between 
the two types of precipitate as produced by etchant No. 
7. 250X. 






















(Wuurtesy Alcan Magnesium Corp.) 
Fig. 36—Macro-grain size chart for visual com- 
parison, 











change the amount of film cracking for any given tem- 
perature. 
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lig. 38—AZ92 alloy aged at various 
temperatures for 15 hr. Cracked 
film becomes less as temperature of 
aging is increased. Etchant No. 1. 
250X. 
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DISCUSSION 


Chairman: A. W. StotzensuRG, Aluminum Co. of America, 
Detroit 

Co-Chairman: T. E. Kramer, Acme Aluminum Alloys, Inc., 
Dayton, Ohio 

J. C. DeEHAven:* Mr. George is to be congratulated for his 
excellent paper. I was particularly interested to learn that a 
use has been found for those cracked films on metallographic 
specimens that we all had difficulty with when first starting to 
work on magnesium. I would like to ask if you now have a 
method for determining the difference between voids caused by 
shrinkage and those caused by gas? 


1 Research Engineer, Battelle Memorial Institute, Columbus, Ohio 
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Mr. GeorGe: Magnesium alloys that were intentionally gased 
b. bubbling the melts with hydrogen showed round holes 
throughout the metal like that found in aluminum. However, 
in normal castings of magnesium alloys this type of void is neve: 
found. Any gas in normal castings is found either in solution 
in the metal or as gas in the microshrinkage voids. Hydrogen 
may be sucked into microshrinkage voids, because of the vacuum 
produced by the shrinkage, which would prevent the proper 
feeding of the eutectic into these voids and therefore accentuate 
porosity. No difference can be seen under the microscope be- 
tween microshrinkage voids containing hydrogen and those that 
do not. Voids caused from excessive hydrogen are characterized 
by their spherical shape. 

M. W. Martinson:* I should like to take this opportunity 
of thanking the author for his excellent paper on determining 
microstructure and microconstituents in magnesium alloys. 
There has been considerable need for a paper of this caliber to 
supplement existing data and bridge the numerous gaps that 
have existed in the literature for some time on this subject. 

From time to time, there have appeared references to electro- 
polishing, in fact, the author listed one by Mechel, “Electrolytic 
Etching Method for Magnesium Wrought Alloys.” Although our 
experience with this subject is rather limited, we feel that elec- 
tropolishing of magnesium will not be as useful a tool to the 
industry as has been the case in the steel industry. I am won- 
dering if the author shares a similar viewpoint, or does he feel 


that electropolishing can be used to advantage for polishing and. 


determination of microconstituents? 
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Is it possible to distinguish separately the various rare earth- 
magnesium constituents (cerium, lanthanum, neodygium, prase- 
odymium) formed when mischmetal is added to magnesium in 
the elevated temperature alloys, or, do all these various con- 
stituents appear similar under the microscope? 

Mr. Georce: Electrolytic polishing of magnesium has been 
used from time to time mainly to eliminate the cold worked 
layer in pure magnesium. A satisfactory method is set forth in 
the British Patent No. 550,176 which uses 10 per cent HCl, in 
ethylene glycol mono-ethyl-ether (“Cellosolve”). We have found 
no time-saving advantage to electrolytic polishing magnesium 
alloys in the routine examination of specimens. The electrolytic 
etching method by Mechel was not meant to be a polishing 
method but an etching method for hard-to-etch grain boundaries 
in some of the wrought alloys. 

We have been unable to reveal more than one compound 
phase when mischmetal is added to magnesium. If only one of 
the rare earths, such as Ce or La, is added to magnesium the 
eutectic in the as-cast metal is much less divorced than when 
two or more rare earth metals are added simultaneously as is 
the case with the addition of mischmetal. Mg + mischmetal, 
Mg + Ce free mischmetal or Mg + Pr +La all have been 
shown to give a completely divorced eutectic in the as-cast con- 
dition. The structures of these alloys are shown in an AIME 
paper, “The Properties of Sand Cast Magnesium-Rare Earth 
Alloys” by Dr. T. E. Leontis, to be given at the 1950 AIME 
February Meeting. 


2 Metallurgist, Dominion Magnesium, Ltd., Haleys, Ontario, Canada 





FAST ANALYSIS OF ACID SLAGS 


Reflective Spectrophotometry Determines FeO-MnO-Cr 


E. C. Zuppann* and A. E. Martin** 


FoR MANY YEARS acid steelmakers have been 
searching for a fast, accurate method of determining 
the FeO content of slags as an aid in control of the 
acid steelmaking process. With a fast electric furnace 
the time from melt to tap is often less than one hour, 
and in this time the FeO content of the slag may change 
from 35 to 10 per cent. Obviously, if the analysis is to 
be of any value in the control of the process it must 
be rapid. 

The only accurate method which has been available 
in the past is chemical analysis, which is much too slow 
for control purposes. For example, a fast method for 
total iron determination takes more than 25 min, and 
an FeO analysis requires an hour. 

Two rapid methods, fluidity testing! and visual 
color? examination, have been used to a considerable 
extent, but they are quite inaccurate. The fluidity 
test’:4 has been fairly successful in the determination 
of SiO,. There seemed little reason to believe it could 
be developed further to produce accurate results for 
FeO. The color method, however, seemed to merit a 
more thorough examination. As previously carried out, 
the method involves the visual examination of the 
fracture and surface color of solidified slag specimens?. 

The moderate success achieved with this method has 
generally been considered as evidence that FeO is the 
dominant coloring agent in acid slags. On the other 
hand, its apparently inherent inaccuracy has been at- 
tributed to the presence of other coloring agents, prob- 
ably MnO and Cr,Qs3. The authors hoped that a spectro- 
photometer would be capable of differentiating the 
contributions made to the overall color by the various 
coloring constituents, and permit the quantitative de- 
termination of FeO and, possibly, of other constituents 
in the slags. These hopes have been largely realized. 


Research Planned 

The plan of research was to examine acid slags of 
widely differing analyses in a spectrophotometer and to 
attempt to correlate the resulting absorption curves 
with the chemical compositions of the slags as deter- 
mined by standard chemical methods. 

Samples are examined in a spectrophotometer either 
by transmitting light through them or by reflecting 
light from them. The former method was not at- 
tempted because no rapid means of preparing slags 
for examination was known. There remained, then, the 


*Supervisor of the technical inspection department, Wilson 
Foundry & Machine Co., Pontiac, Mich. 

**Assistant Professor of Metallurgy, School of Mines and Met- 
allurgy, University of Minnesota, Minneapolis. 


method of utilizing reflected light. The first real prob- 
lem encountered was the development of a techniqui 
of preparing the specimens for examination which 
could yield reproducible results. Otherwise, compari- 
sons between slags would have been meaningless. 

After considerable developmental work, a successful 
method was obtained which was characterized by the 
following three essential features: 

1. Use of finely ground particles of a selected size 
range. 

2. Addition of a small amount of an immersion oil 
to the sample. 

3. Covering the sample with a flat cover glass. 

The probable reasons why these conditions were 
necessary to obtain reproducibility will be treated in 
the theoretical part of the paper. 

Having developed a satisfactory method of prepar- 
ing the samples for spectrophotometric examination, a 
number of slags of different chemical composition (Ta- 
ble 1) were examined and correlations of the spectro- 


TABLE 1—CHEMICAL ANALYSIS AND VISUAL COLOR OF 
SAMPLES USED IN SPECTROPHOTOMETRIC TESTS. 





Sample Composition, per cent i" 
No. FeO MnO Cr Fe,0O, SiO, Steel Visual Color — 








1-1 34.00 17.35 0.68 3.73 41.7 0.35 Shiny black 
1-2 2250 21.85 .... 1.88 51.2 0.19 Medium yellow 
green 
1-3 15.10 22.10 .... 190 568 0.21 Light yellow 
green 
29.18 22.93 1.77 5.88 43.0 0.36 Dull “cokey” 
black 
22.22 23.70 1.42 49.0 0.31 Dark blue green 
15.33 24.05 0.84 55.8 0.23 Light blue green 
12.99 23.05 0.66 56.2 0.22 Light blue-gray 
green 
31.40 20.20 0.77 3. 44.7 0.31 Very dark green, 
nearly black 
2087 22a .... 51.6 0.25 Medium gray 
green 
14.338 2267 .... . 55.9 0.16 Light yellow 
green 
29.10 18.25 3. 3. 43.7 0.24 Dull black, 
graphitic 
looking 
24.95 Very dark 


glassy green 
19.79 Medium blue 
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photometric data with chemical composition were 
sought, with considerable success. These correlations 
make possible the rapid analysis of acid slags for FeO, 
MnO and Cr. 


Experimental Section 


Obtaining Slag Samples: The samples were taken 
from a two-ton acid electric furnace which was pro- 
ducing grade “B” and low-chromium steels for small 
castings. The plant employed the silicon reduction 
method. Slag samples ranging from highly oxidized 
black slags to highly reduced slags were obtained. 

Samples taken during the heat were cast from a 4-in. 
spoon into a steel mold similar to a “pin test” mold 
except that it had a 34-in. square hole. The funnel part 
of the sample was discarded because of excessive oxida- 
tion during cooling. 

Ladle samples were obtained from the slag dumped 
from the ladle after the last metal had been poured. 
\ir-oxidized portions of the slag were discarded. As 
this ladle slag was allowed to cool on the floor, the 
speed of cooling was considerably slower than that of 
the other slags which had been cast in steel molds. The 
spectrophotometric correlations which were found for 
these slags in spite of this difference in cooling rate is 
evidence that the cooling rate is not critical with this 
method, at least not on the high-silica slags. 

Preparing Samples for Spectrophotometric Examina- 
tion: The slag samples were finely ground in a dia- 
mond mortar and screened. The minus 100 plus 325 
mesh material was chosen for the spectrophotometric 
examination, while the minus 325 mesh material was 
used for chemical analysis®. Preliminary experiments 
proved this procedure valid. Magnetic material was re- 
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Fig. 1—Color density curves for acid slag samples. 


moved with an electromagnet. About 14 teaspoon of 
ground slag was placed on a thin crown glass which 
had been coated with Shiliber’s oil (heavy). The sam- 
ple was then thoroughly mixed with the oil and gath- 
ered into a mound at the center. A second glass was 
placed on top of the first, squeezing’ the oiled sample 
into a round spot between the two glass surfaces. 

Measuring Sample Density: A spectrophotometer 
equipped with an attachment for the examination of 
substances by reflected light measures the absorption 
of the sample compared to that of a standard at dis- 
crete wave-length bands in the range from 330 to 1380 
my. When the reflective density 


a. 
Sg reflectance 


is plotted as a function of the wave length, absorption 
curves characteristic of the substance examined are ob- 
tained®. The hills or peaks on these curves are caused 
by some constituent in the sample absorbing energy 
corresponding to those particular wave Icngths. Thus, 
it is the height of these hills which might correlate 
with the concentration of the constituent causing the 
absorption 7.5.9, 

All the slags were examined in a spectrophotometer 
with reflected light, using for the comparison standard 
a block of MgO which has greater than 96 per cent re- 
flectance over the entire wave-length range studied. A 
plot of the data thus obtained is shown in Figs. 1 and 2. 
The predominant general characteristic of these curves 
is the strong absorption at short and long wave lengths 
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and the relatively weak absorption at the intermediate 
wave lengths!®11. 

Correlating FeO With Absorption Data: It was ob- 
served that only in the vicinity of 1100 my did the den- 
sity of the slag samples increase in proportion to the 
FeO concentration. This is shown in Fig. 3 where the 
FeO content of the green slags is plotted versus the 
density at 1100 my. However, the black slags did not 
correlate well on this plot and have not been included. 
They will be considered in the section on MnO. 

Thus, with the exception of the black slags, there is 
a fairly good straight-line correlation of per cent FeO 
in the slags and the density at 1100 my in the range 
studied. The average variation from the straight line 
is about 0.5 per cent FeO. For a rapid method, this is 
good accuracy. The potential speed of the determina- 
tion will be considered later. 

Correlating Crg03; With Absorption Data: Trial- 
and-error methods led to the conclusion that there is 
a correlation between the ratio of the densities at 650 
my and 1100 my, and the Cr,O, content of the slag re- 
ported ere as chromium. This plot is shown in Fig. 4. 
The ave. age variation from a straight line in this plot 
is about 0.04 per cent chromium. The black slags can- 
not be correlated in this manner and are not included. 

Information in the literature!” indicates that absorp- 
tion peaks for oxides of chromium exist in the vicinity 
of 650 mu. 

MnO Correlated With Absorption Data: An exami- 
nation of the absorption data disclosed that the densi- 
ties of the slags were not in the same order as their 
MnO contents at any wave length. Therefore, more 


Fig. 2—Curves for color density of acid slag samples. 








involved correlations were sought. It was observed tha 

the absorption curves of slags with widely differin 

MnO contents, but similar FeO contents, diverged mos 
at a wave length of 360 my; and that, conversely, th. 
curves of slags of widely differing FeO contents, bi 

similar MnO contents, diverged most at a wave lengt'; 
of 520 my. When the ratios of the densities at these two) 
critical wave lengths were plotted as a function of th 

ratios of MnO to FeO in the slags, the data fell rough], 
on two straight-line segments which intersected at « 
1:1 mol ratio, 

Departures from each of the straight lines were ob- 
served to be in proportion to the chromium contents of 
the slags. By trial-and-error procedures, a graph of the 
necessary correction for chromium was obtained. The 
correction graph and the final corrected graph of the 
MnO:FeO ratio as a function of the absorption ratio 
are given in Fig. 5. If the FeO content of a slag were 
known from the absorption at 1100 my, then this graph 
would permit the determination of the MnO content 
with an accuracy somewhat less than that of the FeO. 


Black Slags and Absorption 

It was further observed that the data for the black 
slags all fell on the low MnO segment of the graph. 
This was the first instance that a correlation of any 
kind had been found between the analysis of the black 
slags and the absorption data. Further examination of 
the absorption data of the black slags disclosed a cor- 
relation between the MnO content and the density at 
400 my, as shown in Fig. 6. 

In this case, also, a correction for chromium had to 
be determined and applied. In view of the more lim- 
ited number of black slags, this graph is not as reliable 
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as the previous ones. However, it makes possible the 
determination of FeO in black slags in the following 
way: knowing the approximate chromium content 
from previous heats, and the absorption at 400 my, the 
MnO content can be determined. From this and the 
ratio of the densities at 360 and 520 my, the FeO con- 
tent can be calculated. 


Make Chromium Correction 

The weakest point in this system of analysis of black 
slags is the necessity of making a correction for chro- 
mium. As no correlation of the absorption data with 
chromium has been found, the chromium has to be 
estimated from the results of the previous heats. An 
estimation error of one per cent chromium will result 
in an error of about 2.5 per cent MnO. 

Spectrophotometric Analysis of Acid Slags for FeO, 
MnO and Cr: The manner in which this method of 
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Fig. 3—Curve showing relationship of FeO in acid steel 
slags to the density at a wave length of 1100 my. 


analyzing acid slags was developed has been described 
in some detail. The way in which the method would be 
used in practice is as follows: a slag sample would be 
taken and prepared for spectrophotometric examina- 
tion by the. technique already described. This would 
require only a few minutes. The sample would then 
be inserted in the comparison chamber of a spectro- 
photometer® and the reflective density would be meas- 
ured at the four selected wave lengths. 

From this data, by reference to the graphs, the FeO, 
MnO and Cr would be determined. The whole analysis 
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Fig. 4—Curve showing relationship of chromium in 
acid steel slags to the density ratio 650 my: 1100 mu. 


probably would not require more than 3 to 5 min. The 
outstanding feature of the method would be its ex- 
treme speed. 

Spectrophotometric Analysis of Green Acid Slag: To 
demonstrate how easily a slag analysis can be calcu- 
lated, an example will be considered in which the 
spectrophotometric data on a green slag is assumed to 
be as follows: 


Wave Length Reflective Density 


360 my 1.770 
520 my 0.875 
650 my 1.000 
1100 my. 1.854 


Referring to Fig. 3, the density of 1.854 at 1100 my. is 
found to correspond to 21.0 per cent FeO. 

Ratio of the density at 650 my. to the density at 1100 
my. is 1.000:1.854, which is 0.539 and corresponds to 
0.66 per cent Cr, according to Fig. 4. 

Ratio of the density at 360 my. to that at 520 my is 
1.770:0.875 or 2.025. To this must be added the cor- 
rection for chromium which, according to Fig. 5, is 
0.231. The corrected ratio, 2.326, corresponds to an 
MnO:FeO ratio of 1.05 according to Fig. 5. The per- 
centage of MnO then equals 1.05 times 21.0 or 22.2 per 
cent. Thus, the analysis of this slag is 21.0 per cent 
FeO, 22.2 per cent MnO, and 0.66 per cent Cr. 


Using Correction Curve 


Spectrophotometric Analysis of Black Slag: Calcula- 
tion of the analysis of a black slag is somewhat differ- 


ent. It will be assumed that the chromium has been 
estimated as 0.50 per cent from previous heats and 
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Fig. 5—Graph showing relationship of the weight per 
cent ratio MnO:FeO to density ratio 360 my: 520 my. 


that the following spectrophotometric data have been 
determined: 


Wave Length Reflective Density 


360 my 2.098 
400 mp. 1.880 
520 my 1.222 


The correction for chromium, which must be added 
to the density reading at 400 my, is found to be 0.075 
by referring to Fig. 6. The corrected density, 1.955, 
corresponds to 23.25 per cent MnO, according to Fig. 6. 

Ratio of the density at 360 my, to that at 520 my is 
2.098:1.222 or 1.71. The correction for chromium, 
which must be added to this, is found to be 0.175 by 
referring to Fig. 5. The corrected ratio, 1.885, corres- 
ponds to an MnO:FeO ratio of 0.72. The percentage 
of FeO then is 23.25:0.72 or 32.3 per cent. Thus, the 
slag analysis is: 23.25 per cent MnO, 32.3 per cent FeO 
and 0.50 per cent Cr. 


Theoretical Section 


A complete theory which satisfactorily explains the 
practical results obtained in this investigation has not 
been developed. Fundamental studies will be neces- 
sary to establish such a theory. Nevertheless, a rough 
picture of the situation may be worth presenting at 
this time. 

It is believed that the slag specimens investigated 
consisted of fine primary crystals embedded in a glassy 
matrix, similar in many respects to colored vitreous 
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enamels and colored glazes. It is likely that the glassy 
matrix was primarily responsible for the selective ab- 
sorption of light within the slag particles, but this, of 
course, would depend upon the nature of the primary 
crystals and the composition of the matrix. The pri- 
mary function of the crystals, so far as the development 
of color is concerned, was to act as non-selective re- 
flectors of light. Unless something was present to reflect 
light back to the surface, the glass would have had no 
color by reflected light. 


Primary Crystallization 


It can be presumed that the primary crystals in slags 
taken late in the heat were silica since the slag was 
well saturated with silica at this stage. Earlier in the 
heat, the slag composition might not have been in the 
primary field of crystallization of silica. It would be 
difficult to surmise as to which primary crystals were 
present in these early slags without further investiga- 
tion. The ternary FeO-MnO-SiO, is not well established 
in the region involved, and the effects of small amounts 
of Fe,O; and Cr,O3 on the primary crystallizing con- 
stituents are not known. 

Magnetite, FesO,, and chromite, FeCr,O,, if they 
were present even in small amounts, presumably would 
be intense coloring agents. The break in the curve in 
Fig. 5 at the 1:1 mol ratio of FeO to MnO may be the 
result of changing from one primary field of crystalliza- 
tion to another at this composition. 

Without knowing the size and number of the crystals 
and the relative absorbing powers of crystal and mat- 
rix, it is difficult to attempt to show why a straight-line 
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1 lationship was found to exist between the reflective 
density 
100 
logo 7 
© reflectance 
at certain wave lengths and the percentage composition 
ol several constituents. However, in a qualitative way 
it is easy to see why the reflective density was greater 
the higher the concentration of the coloring agent in 
the matrix, in the case where the matrix contains the 
principal coloring agent. 
Light of a wave length which is absorbed on entering 
the glass and traversing the matrix to the crystals will 
be absorbed according to Beers’ law: [=I,e~*** where 
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Fig. 6—Relationship in acid steel slags to the density at 
400 my. and the correction curve for chromium. 


I, is the intensity of the incident ray, J is the intensity 
on reaching the first crystal face, x is the distance 
traversed, c is the concentration of the coloring agent 
in the matrix and 6 is the absorption coefficient, the 
fraction of the light absorbed per unit distance per 
unit concentration. On meeting the crystal face part 
of the ray will be reflected, and will undergo further 
absorption before leaving the specimen. 

Most of the ray will enter the crystal, where it will 
be partially reflected, etc. This ray will eventually be 
reduced to zero by absorption and reflection. Part of 
each portion which was reflected at each crystal face, 
after further absorption and reflection, eventually re- 
emerges from the specimen as reflected light. 

If the concentration of the coloring agent is higher, 
more light is absorbed per unit distance traversed and, 
consequently, less remains to be reflected. Therefore, 





the total reflection will be greater in this case, assum- 
ing that the number, size and distribution of crystals 
is about the same as before. The reflective density at 
lower concentrations of the absorbing constituent is 
less in consequence. 

It is also fairly evident, on the basis of this picture, 
why the use of an immersion oil is so necessary. When 
a dry powder is used, in addition to the reflections at 
crystal faces already mentioned, there are also reflec- 
tions whenever a beam of light travels from one particle 
to another. Furthermore, this reflection is frequently 
a total reflection because of the great difference in 
index of refraction of the glass matrix and air. 

If the slag is finely divided, these total reflections 
will turn back the rays before they have traversed very 
far into the specimen. Consequently, the contrast be- 
tween the absorbed and the unabsorbed rays will be 
largely eliminated. The powder will appear lighter 
in color than the bulk slag. However, when. the par- 
ticles are embedded in.an oil of similar index of refrac- 
tion, little light is totally reflected at the particle inter- 
faces. The visual color of the specimen then matches 
the original bulk slag color. 

It is not practical to eliminate the non-selective re- 
flections from the top surface of the sample, but by 
the use of a cover glass it is possible to direct all this 
reflected light back vertically. The reflecting attach- 
ment on the spectrophotometer is so designed that 
light reflected vertically does not enter the photocell. 
The elimination of this directly reflected light in- 
creases the contrast between the absorbed and non- 
absorbed rays. 

One odd feature about the absorption data for the 
black slags merits special comment. According to Fig. 
6, it is apparent that both MnO and Cr decrease the 
absorption of these slags at 400 my. If we were dealing 
with true solutions, it would be inferred from this that 
both of these constituents were reacting with some 
strong coloring agent, probably an iron compound, to 
form less colored compounds. 

In this particular case, in which the slags consist 
of crystals in a glassy matrix, there is an alternative 
explanation for this phenomenon. The variation 
might be caused by a variation of the crystallization 
of the primary phase influenced by the composition 
of the original slag melt. Further investigation will 
be required as to the real reason for this relationship. 


Conclusion 

Rapid quantitative analysis of acid slags is possible 
by reflective spectrophotometry. FeO, MnO and Cr can 
be determined with greater accuracy than by other 
rapid methods. The sample must be carefully pre- 
pared by a prescribed technique involving grinding, 
sizing, mixing with oil and covering with a cover glass. 
The method should be of use in the control of acid 
steelmaking processes. 
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DISCUSSION 


Chairman: E. Berry, Dodge Steel Co., Philadelphia 

Co-Chairman: C. WYMAN, Burnside Steel Foundry Co., 
Chicago 

H. H. Fatrrietp:' The author made an excellent contribu- 
tion to the steel foundry industry. I shall try to apply some of 
this ideas, but I would not discredit the slag fluidity test and 
throw it out immediately, because the temperature of the slag 
has much to do with its efficiency in the steel furnace. You 
get some idea of that with your fluidity test. The author has 
done a most thorough job. We would be happy if we could 
make the iron oxide test in 3 min. 


1 Metallurgist, Wm. Kennedy & Sons, Ltd., Owen Sound, Ont., Canada 









CHAIRMAN Berry: Has anvone actually did this as a routi: 


procedure? 

Mr. ZUPPANN: No. 

CHAIRMAN Berry: I was a bit confused with the explanatic 
in Fig. 5 of the manganese oxide and the iron oxide relatio: 
ship. 

Mr. ZuPPANN: In answer to Mr. Fairfield’s statements, slay 
fluidity, I agree, should not be discarded by any means. 
measures your temperature and is a good indicator of your 
silica. Hewever, when correlated with iron oxide, the origin:! 
graphs made in that study showed points that were as much 
as 50 per cent off the line. That is not an accurate analysis 

In answer to Mr. Berry, I do not know what the relationship 
is of FeO over MnO except that there is a mutual solubility o1 
a reaction taking place between the two. It may be that a 
compound is being formed or disintegrated. Solving for the 
individual curves of the ingredients using multiple unknowns 
did not clear up the problem. In my estimation, the part to 
the left of the knee, represents the so-called black slags. Al 
though all of them were not black, they were very dark. The 
part to the right would represent the green slags. A heat would 
progress on that graph from left to right. 

In study of glasses, we find that we can decolorize an iron 
bearing glass, by the use of manganese. The clearest glasses 
are found ata 1:1 mol ratio. We find the knee in the graph 
of these slags also at the 1:1 mol ratio. 

C. F. Watton:* From the practical standpoint. spectro- 
photometer equipment generally costs thousands of dollars. 
Could you estimate roughly what your set-up in a plant would 
cost? Then I think the operating man could evaluate that 
against the value of the deoxidizers he would save. 

Mr. ZupPANN: At the time I made this study I used a Beck- 
man spectrophotometer, using transmitted light with an at- 
tachment for reflected light. Operation of this instrument has 
been simplified to where any high school student could use it. 
Its accuracy is excellent. It has been in use for a number of 
vears, especially in organic laboratories. The cost of the in 
strument is approximately $1300.00. 


2 Instructor, Case Institute of Technology, Cleveland 
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GRAPHITE RESISTOR FURNACE MELTING PRACTICE 





B. N. Ames and N. A. Kahn * 


ABSTRACT 


This paper deals with a two-phase graphite resistor melting 
furnace utilized in foundries aboard Naval repair ships and in 
the foundry at the New York Naval Shipyard. The authors out- 
line the basic elements of the design and operating characteristics 
of this melting furnace and present data on the utilization of zir- 
con refractories with this unit. Graphs illustrating the power 
consumed per ton of metal melted and the melting times for 
consecutive heats of monel, steel and valve bronze in the graphite 
resistor furnace are shown. The typical tensile values obtained 
on separately cast test bars in the above alloys; the normal furnace 
atmospheres generated by the combustion of the resistors; and 
the results ebtained in the manufacture of pressure castings of 
monel and valve bronze are also presented. The authors indi- 
cate that this mode of heat generation may find wide application 
wherever versatility in melting or melting losses are a factor. 


Introduction 

DURING THE PAST WAR, repair ships operating 
with the fleet, far from shore establishments, were 
called upon to furnish emergency replacement castings, 
in all types of alloys. ‘This, of course, required a versa- 
tile type of melting unit. The single-phase indirect-arc 
electric furnace had been practically standard equip- 
ment for repair ship foundries at that time. However, 
the characteristics of this unit resulted in an unbal- 
anced power load making it necessary to isolate a diesel 
generator every time the foundry desired to run a heat. 
This fact and the difficulties reported by relatively in- 
experienced shipboard personnel in melting emergency 
steel heats, prompted the Bureau of Ships to sponsor 
the development of the 3/2-phase (Scott connected) 
graphite-resistor furnace. The first of these units was 
delivered. to the shipyard with which the authors are 
associated late in 1944 for installation and test of elec- 
trical, operating and metallurgical characteristics, 
prior to installation aboard repair ships. This paper 
presents the results obtained during test, and under 
actual production conditions, of this furnace. 


* Senior and Principal Metallurgist, respectively, Material Lab- 
oratory, New York Naval Shipyard, Brooklyn, N. Y. 

The opinions or assertions contained herein are the private 
ones of the authors and are not to be construed as reflecting the 
views of the Navy Department or the Naval Service at large. 
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Previous Work 


In the past, very little emphasis has been placed in 
this country on utilization of melting units heated by 
the graphite resistance method. Only in the past few 
years have furnace manufacturers developed designs 
and have commercial foundries and steel producers 
employed this mode of heat generation for melting, 
holding or superheating all classes of alloys. 

However, in Germany and England, considerable 
development work has been performed and several 
commercial installations for iron and steel have been 
described. A report by W. Geller and H. Honig! de- 
scribes the design, refractory and electrical characteris- 
tics of a one and two-bar graphite, rocking, resistor, 
drum-type furnace up to 800 lb capacity and a one-ton 
hearth-type furnace equipped with three heating bars. 
These units were utilized on medium and high alloy 
steels in the medium and high carbon range. They 
concluded that, based on local conditions, the economy 
of operation of the two types of resistor furnaces de- 
scribed compared favorably with the coreless induction 
furnace and that the “drum-like” resistor furnace de- 
sign proved more favorable than the “hearth-like” re- 
sistor furnace design as far as lining and power costs 
were concerned. They stated that the melting losses 
were of about the same order as in the induction fur- 
nace. No detailed data was presented on the metal- 
lurgical properties obtained from alloy steel heats in 
the resistor unit except to indicate that the quality of 
the steels melted in the graphite-bar furnaces was sat- 
isfactory and in no way inferior to steels made in a 
crucible furnace. They also indicated that more ex- 
haustive studies of the metallurgical conditions pre- 
vailing in the production of steel were continuing. 

The resistor furnace described by C. S. Johnson? and 
utilized by a foundry in England possesses essentially 
the same design characteristics as the unit described by 
Geller and Honig.' Johnson’s data is confined to the 
cast iron field although he indicated the successful use 
of the unit in some non-ferrous foundries and for melt- 
ing steel for small castings. He reports an average 
power consumption of 900 to 950 kwh per ton of iron 
melted. He recommends the unit for alloying and 








Fig. 1—View of furnace showing resistors seated in cen- 
ter of barrel. 


superheating insofar as alloy cast iron is concerned. 
He also recommends a rammed lining and comments 
on the low melting losses in the unit. 


Furnace Description 
The resistor furnace discussed in this paper differs 
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Fig. 3—View of electrode bracket assembly. 


from the units described by Geller and Honig and by 
C. S. Johnson essentially in graphite resistor design. 
The furnace utilizes two pairs of in. resistors (male 
and female) which meet in the center of the furnac« 
barrel and are seated and locked by spring tension from 
the electrode bracket (Fig. 1). The use of male and 


female sections facilitates withdrawal for charging and 
replacement. The resistors thread into a 4-in. terminal, 


Fig. 2—General view of 2-phase resistor furnace and 
control panel. 
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thus forming a reduced section and in operation form 
two continuous graphite bars through the melting 
chamber. A high amperage, low voltage current is 
passed through the heating elements which become in- 
candescent and function as the heating medium. The 
temperature distribution along the length of the graph- 
ite resistor is practically uniform and heat is radiated 
to the charge and furnace wall. 

A general view of the furnace is shown in Fig. 2. 
The water-cooled electrode clamp holders, sliding con- 
tactors and power lines may be attached to the fur- 
nace as shown in Fig. 3 or may be arranged, as in some 
commercial installations, by stationary brackets. This 
latter arrangement offers some advantage in that the 
furnace shell may be exchanged more expeditiously. 
The replacement of furnace shells is desirable when 
different types of alloys are required and contamination 
from previous heats in the same shell is to be avoided. 
A non-magnetic port cooler bolted to a non-magnetic 
end wall fits tightly around the graphite terminal. This 
aids in reducing the electrical losses in the 2-phase unit 
and minimizes the infiltration of air through the port 
sleeves. The charging door is seated firmly against the 
shell and is equipped with a pre-formed silicon car- 
bide refractory which is bolted in place. The bottom 
of the charging door meets the pouring spout (Fig. 2) . 
This may be sealed during melting to prevent air in- 
filtration or part of the charging door refractory may 
be cut away to facilitate inspiration of air, as is oc- 
casionally desired. 

The furnace shell rests on a base provided with roll- 
ers (Fig. 2). By means of a rocking control mechanism 
it may be rotated through any degree of rock up to 160 
degrees for any desired period of time. This permits 
the molten metal to absorb heat from the roof of the 
furnace, decreases the melting time and extends the lin- 
ing life. The full rocking movement after melt down 
insures a more uniform melt. 

The furnace shell is lined with an outside layer of 
2500 F insulating brick. Pre-formed zirconium silicate 
shapes are then installed in lieu of the sillimanite re- 
fractory used in the single phase arc furnace. A zircon 
refractory was utilized because repair ships may be re- 
quired to melt alloys ranging from aluminum through 
steels. Hence a lining material with a high fusion 
point is desirable. It eliminated to a large degree the 
danger of a lining failure, during steel heats, where 
the temperature of the molten bath and the fusion 
point of the refractory lining were 150 to 200 F apart 
when a sillimanite refractory was employed. In addi- 
tion, approximately twice the lining life may be ex- 
pected from the zircon refractory lining as against the 
sillimanite type lining formerly employed in the arc 
furnace. This is considered a decided advantage, par- 
ticularly for repair ship operations where lining fail- 
ure and the delay in replacement may be costly. The 
“hot-face” action of the zircon refractory shows de- 
cidely different characteristics than the mullite refrac- 
tory in slagging tendencies and in its resistance to the 
action of molten metal. While the “mullite” refractory 
will slag and wear gradually during melting, the zir- 
con refractory will form a new refractory compound 
on the hot-face without any appreciable slagging. This 
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new refractory compound (essentially zirconium ox- 
ide) will penetrate to a depth of approximately 2 in. 
until its hot strength and load bearing characteristics 
cause it to spall. Zircon is slightly more acid than silli- 
manite and is readily attacked by ordinary container 
glass covers. Therefore, the use of glass covers with 
this refractory material with the exception of pyrex or 
any similar boro-silicate glass, or the melting of high 
manganese steels, is not recommended. Sillimanite 
jambs and sills were utilized, however, to minimize the 
tendency for mechanical spalling at elevated tempera- 
tures, particularly during charging. 

The refractory area which receives the greatest ther- 
mal punishment during melting in this unit are the 
two end walls and the port sleeves. The use of zir- 
con port sleeves and end walls eliminated to a large 
degree this critical condition. In fact, this type of re- 
fractory port sleeve was also used on a hearth-type re- 
sistor furnace to excellent advantage when other types 
of refractory port sleeves were constantly failing. 

The current for the resistor furnaces on repair ships 
is supplied by a 440/36 volt, 150 kva, 3-phase to 2-phase 
Scott-connected transformer. The input voltage is 
varied from 440 to 184 volts in 11 steps by means of 
solenoid operated tap switches. This results in a vari- 
able secondary voltage from 36 volts to 10 volts at the 
furnace terminals. Numerals on a disc visible through 
a circular window in the transformer housing indicate 
the nominal open-circuit voltage for each position. 
Taps can be changed under load. Push buttons on the 
control panel permit raising or lowering the voltage 
and amperage on each phase so that the power input 
can be controlled at almost any level. During melting, 
the power input with this furnace is generally held at 
150 kw. 


Metallurgical Aspects 


The resistor furnace described herein has been util- 
ized in melting tin bronzes, monel, cast iron and steel. 
However, the greatest part of the output of the unit 
has been in monel valve trim and tin bronze pressure 
castings. To date, approximately 600 capacity heats 
(500 Ib) have been melted in both these alloys. The 
pilot castings for practically all pressure jobs in monel 
and valve bronze poured from metal melted in this 
unit were radiographed and found to be free from 
objectionable gas porosity which could be attributed 
to the melting unit. 

The resistance furnace described herein attains ther- 
mal equilibrium at about the fourth heat. Graphs il- 
lustrating the approximate kwh/ton consumption re- 
quired in melting consecutive heats of steel, monel 
and the tin bronzes are shown in Fig. 4 and 5. These 
curves are based on melting from a cold charge and 
the data shown for the first heats include the power 
consumed in preheating the barrel, which may be ac- 
complished by other means, if desired. The 2-phase 
design necessitated by shipboard electrical require- 
ment is not the most efficient. The multiplicity of 
terminals, the double electrical circuits and long runs 
of heavy bus bars all make for lower efficiency. Hence, 
the kwh/ton consumption curves shown here will be 
higher than would be expected from a single-phase 
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Fig. 4—Curves showing kwh/ton consumption in 2- 
phase resistor furnace in melting consecutive heats of 
steel and monel. 
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Fig. 5—Curves showing kwh/ton consumption in 2- 
phase resistor furnace in melting consecutive heats of 
valve bronze. 


installation. Figure 6 illustrates the approximate melt- 
ing times required for melting consecutive heats of 
steel, monel and tin bronzes. These data are based on 
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an average 150-kw input and for the weight of charye 
indicated on the curve. The melting time shown four 
the first heat in each alloy also includes the time speiit 
in preheating the cold furnace with the graphite r-- 
sistors before charging, which again can be accorm- 
plished by other means, if desired. 

The melting losses experienced with this unit aie 
low. This can be attributed to the predominantly car- 
bon monoxide atmosphere generated by the combus- 
tion of the resistors and the even distribution of heat 
in the furnace barrel. Some typical Orsatt analyses 
obtained during the superheating period of the melt- 
ing cycle are tabulated in Table 1. Sources of hydro- 
gen generated by the melting unit itself are nil. How- 
ever, the same care must be exercised in drying out the 
refractory lining and in the character of the scrap em- 
ployed as in other types of melting units if difficulties 
from hydrogen porosity are to be avoided. In melting 
valve bronze, for example, 29 consecutive heats were 
melted in which one-half the heat consisted of remelt 
from the previous heat and no virgin metal additions 
were required to maintain the zinc and tin analysis 
above minimum specification requirements. In steel 
melts no carbon pick-up was experienced, the carbon 
being practically maintained at its calculated level. In 
fact in some heats where steel scrap with a rust coating 
was charged, a slight drop of 0.02 to 0.03 per cent in 


TABLE 1—Typicat Orsatr ANALYSIS DURING MELTING 
OF VALVE BRONZE IN THE 2-PHASE RESISTOR FURNACE 

















Heat No. CO:,%  CO,% 0O.% Hs% Ny% 
R-1 9.0 21.0 1.0 0.6 65.4 
R-3 6.6 30.5 0.6 0.8 61.5 
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carbon resulted. The manganese losses ranged from 25 
to 35 per cent. There was a gain in silicon however of 
approximately 10 per cent probably due to a pick-up 
from the furnace lining. 

Typical physical properties obtained with this unit 
in monel, valve bronze and Class “B” steel are tabu- 
lated in Tables 2, 3, and 4. No covers or fluxes were 
utilized in melting any of these alloys in this unit. The 
Class “B” steel heats were dead-melted, no attempt 
being made to induce a carbon “boil” since the addi- 
tion of iron ore might cause excessive slagging of the 
zircon lining. Excessive slag blankets are to be avoided 
in this unit since it insulates the bath from the heat 
radiated by the graphite resistor elements. 

It will be noted that the tensile and elongation 
properties obtained in monel and valve bronze (Tables 
2 and 3) from separately cast test bars cast in sand are 
satisfactory and indicate good melt quality. The yield 


TABLE 2—TypicAL PHYSICAL PROPERTIES OF MONEL 
MELTED IN THE 2-PHASE RESISTOR FURNACE 





Heat No. Yield Point, psi Tensile, psi Elongation, % in 2 in. 
} I & /o 





115 33,250 71,750 41.0 
163 33,150 72,050 41.0 
198 34,300 74,000 37.5 
231 33,400 70,000 44.0 
282 32,500 69,700 43.5 
303 33,700 70,300 43.0 
321 35,200 72,300 42.5 
325 35,000 72,250 41.5 
335 33,700 69,900 41.5 
380 35,450 73,250 32.0 





TABLE 3—TypicAL PHYSICAL PROPERTIES OF VALVE 
BRONZE MELTED IN THE 2-PHASE RESISTOR FURNACE 





Heat No. Yield Point, psi Tensile,psi Elongation, % in 2 in. 





R-10 22,250 41,250 35.0 
R-11 21,000 10,625 $2.5 
R-13 20,500 40,500 35.0 
R-14 20,125 41,500 40.0 
R-15 20,125 $1,625 37.5 
R-18 20,500 43,000 14.5 
R-19 20,000 11,375 36.0 
R-20 19,125 10,375 34.5 
R-21 19,250 41,750 37.5 
R-22 19,000 12,000 41.0 





TABLE 4—TypicAL PHYSICAL PROPERTIES OF STEEL 
MELTED IN THE 2-PHASE RESISTOR FURNACE 








Heat Cond- Yield, Tensile, Elongation, Reduction Bend 





No. ition* psi psi “ in2in. in Area, % Test, Deg 
A 15,625 66,750 33.5 57.3 180 
R-3  NgD 49,000 66,875 33.5 57.3 180 
A \ 16,750 73,000 32.0 54.7 127 
R-5 Nep 49,000 71,625 81.5 57.3 100 
= A 50,000 79,375 24.0 36.6 90 
R-7 N&D 53,250 78,500 27.0 15.7 92 
A 17,125 76,500 28.0 18.1 110 
R8 —Ngp 51,875 75,000 97.5 17.5 128 
‘ \ 19.500 76,000 26.0 39.6 83 
R-39° Ne 52.500 76,750 28.0 37.9 145 
’ A 14,500 67,125 28.0 36.3 97 
R-4l N&D 45,000 68,375 31.0 12.8 117 
: \ $1,500 62,750 34.0 58.9 132 
R42 Nep 44,250 64,750 33.5 52.0 125 


* Condition A—Annealed; N&D—Normalized and drawn. 
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point, tensile strength, elongation and reduction of 
area properties obtained from separately cast keel block 
specimens in Class “B” steel are also satisfactory and 
within specification requirements. However, in some 
instances bend test specimens failed to meet the 120- 
degree cold bend requirement. This is attributed to 
the dead-melting conditions employed. 
Application 

Melting by the graphite resistance method has many 
desirable features. Chief among them is its versatility 
in the melting of varied types of alloys such as the tin 
bronzes, manganese bronze, monel, cast iron and steel. 
Its operation is simple and can be handled readily by 
inexperienced personnel with minimum of training. 
The atmosphere generated by the unit is determined 
chiefly by the combustion of the resistor elements and 
not under the direct control of the melter. On a con- 
tinuously operating basis and from an overall cost point 
of view, it can compare favorably with other types of 
melting equipment. In addition, the unit can be util- 
ized as a holding furnace, in duplexing or in super- 
heating since almost any level of power input can be 
steadily maintained. 

It appears that graphite resistor melting will ulti- 
mately find application wherever versatility or melting 
losses are a significant factor. 
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DISCUSSION 


Chairman: H. M. Sr. Joun, Crane Co., Chicago 

Co-Chairman: B. M. Lorinc, Naval Research Laboratories, 
Washington, D. C. 

D. C. Caupron:? The author spoke about melting of man 
ganese bronze. Do you flare these heats? 

Mr. Ames: The resistor furnace can be utilized for melting 
manganese bronze and is used commercially for that application. 
The Jenskins Valve Co., for example, has a single-phase resistor 
furnace installation melting manganese bronze on a production 
line basis. It is not necessary to flare in this unit or in the 
indirect-arc furnace, as is practiced commercially in open-flame 
type furnaces, in order to achieve the desired physical properties 

V. Pascukis:* It is very interesting to hear that graphite re 
sistor furnaces with solid graphite bars have been introduced in 
this country. For the sake of historical completeness, it should 
be pointed out that this furnace development originated with a 
Frenchman, H. George who discussed his first design in this 
country in the Transactions, Electro Chemical Seciety, vol. 68 
p. 53 (1935). One point which the author of the present paper 
does not stress, is a remarkable low graphite consumption. Fig 


Foundry Superintendent, Pacific Brass Foundry, San Francisco 
* Heat and Mass Flow Analyzer Laboratory, Columbia University, New 


York 
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ures as low as 1.6 to 2 lb per 1000 lb of steel produced have 
been quoted. It would be desirable to know the graphite con- 
sumption experienced by the authors. The figure should be tied 
in with the method of operation: first, second, etc. charge. 

The authors mention in their description of the furnace the 
resistors which are apparently screwed into terminals. It would 
be interesting to compare performance with the European de- 
sign which uses the same terminals which are applied to Globar 
resistors* 

The description of the resistors in the present paper, states 
that the resistors “meet in the center of the furnace barrel.” 
Does his imply that there is a contact resistance beween two 
halves of the resistor? 

If there is a point of contact resistance in the center of each 
of the two rods it would appear that a certain degree of over- 
heat at this point is inevitable. Depending on the degree of con- 
tact pressure that prevails at the point of contact, there is a 
higher resistance than in the adjacent stretches of the rods. This 
higher resistance inevitably results in a higher rate of energy 
generation and consequently a higher temperature. It is con- 
ceivable that this higher temperature would cause sufficient heat 
flow in the rods to provide practically for sufficient cooling of 
the contact area. An explanation on the part of the authors of 
the advantages of the design discussed by the authors with the 
European design would be of interest. 

Mr. Ames: Graphite resistor consumption in this unit will 


*See for example: V. Paschkis—‘“Industrial Electric Furnace and Appli- 
ances,”’ Interscience Publishers, 1948, Vol. II, p. 151. 





GRAPHITE RESISTOR FURNACE MELTING PRACTIc 





vary depending upon operating conditions. We have melted f 
example, 11 heats of Navy Gun metal representing 2 tons 
metal on two successive days with one pair of resistors. Howeve 
if your operation is intermittent and you expose the hot resisto 
to the atmosphere after each run, the ultimate life of the 1 
sistors will be shortened considerably. A point is reached whe 
the diameter of the resistors are decreased to the extent th 
further operation is undesirable. 

Using as a basis the total weight of the two male and fema 
resistor elements and an average total melt output of 1.5 to 
tons of a tin bronze alloy, the average resistor consumptio 
would be 3.6 to 4.8 lb per ton of metal melted. It is to be note 
that these figures are based on a 2-phase resistor melting unit. 

There is a male and a female section for each phase whic’ 
seat and are joined in the center of the barrel. For all practical 
purposes, once melting is initiated, there are two continuous 1 
sistors in the melting chamber. 

The male and female sections are joined by turning a feed 
handle on the common electrode bracket. This handle com 
presses the springs on each of the two individual electrode clamp 
carriages and is turned sufficiently to insure positive pressure at 
the resistor joints. Approximately 114 full turns of the feed 
handle will accomplish this. 

If the resistors are seated properly and sufficient pressure is 
applied, no arcing or excessive local overheating will occur. The 
utilization of male and female resistor sections facilitates with- 
drawal of the resistors for charging purposes, and in the replace- 
ment of resistors during a heat, if required. 
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DESIGN AND OPERATION OF A 10-IN. DIAMETER CUPOLA 


D. E. Krause * and H. W. Lownie, Jr.** 


ABSTRACT 


1 10-in.-diameter cupola has been successfully operated for a 
period of over three years. The cupola was designed to reproduce 
large commercial units as closely as possible in all respects except 
size. Heats have ranged from 1 to 4 hr in length at average melt- 
ing rates of about 700 lb per hr and average tapping tempera- 
tures of about 2780 F. 

Research investigations have been conducted in the small cu- 
pola on a variety of subjects, such as studies of the effects of 
moisture in the blast, effects of rusty scrap in the charge, relative 
refractoriness of various lining materials, and comparisons of the 
operating characteristics of different foundry cokes. Results of 
such investigations have furnished a background of dependable 
quantitative data which can be applied to the operation of large 
commercial cupolas. 

A primary advantage of the small cupola is the ease with 
which operating variables can be controlled and recorded, Limi- 
tations of the small cupola must also be considered when apply- 
ing results to larger units. The possibilities for use of small 
cupolas in research and development work, for the commercial 
production of small quantities of cast iron, and for instruction 
purposes, are discussed. 

Details of construction are given and some modifications for 
special purposes are suggested. 

Eary IN 1945, the Gray Iron Research Insti- 
tute and Battelle Memorial Institute cooperated in the 
design and construction of a small cupola to provide 
facilities for melting gray cast iron on a pilot-plant 
basis. The cupola was designed to resemble full size 
commercial installations as closely as possible with ac- 
cessories added to permit a closer degree of control. 
Modifications were made until excellent reproduci- 
bility and correlation of results with those of commer- 
cial cupola installations were obtained. Figure 1 is a 
photograph of the present unit in operation. 


Main Advantages and Limitations of a Small Cupola 

The primary advantages of the small cupola arise 
from the relatively small amount of materials required 
enabling close control over size and analysis of charge 
materials and the weight, temperature and moisture 
content of the air blast. Because of the small diameter, 
combustion conditions are more uniform across any 
section of this cupola than in a larger unit. 


* Executive Director, Gray Jron Research Institute, Inc., Co- 
lumbus, Ohio, 
** Assistant Supervisor, Battelle Memorial Institute, Columbus, 
Ohio. 
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The 10-in.-diam cupola is not expected to duplicate 
the operation of large commercial units in every de- 
tail, but rather to give leads and show trends which 
can then be applied to the operation of the larger 
units. Tests to date showed good correlation with re- 
sults obtained in commercial practice. Admittedly, 
such might not always be the case. 

Although the Gray Iron Research Institute has avail- 
able cupolas varying from 84 to 32 in. in diameter in 
31 commercial foundries, and has had the use of 18- 
and 27-in. cupolas at Battelle Memorial Institute for 
experimental work, experience during the last three 
years has indicated that many tests on cupola opera- 
tion can be conducted more economically, more rapid- 
ly, and more dependably in a 10-in. cupola than in any 
of the larger units. There are exceptions as some types 
of investigations can be conducted more effectively in 
larger units. 


Essentials of Cupola Design and Operation 


The cupola stack, consisting of four sections, is about 
10 ft high from bottom plate to charging door. The 
stack shell diameter varies from 15 to 18 in. and the 





Fig. 1—View of 10-in.-diam cupola in operation. The 
full height of the cupola is not shown in this view. 
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nominal lined diameter is 10 in. The air blast, from a 
positive-displacement blower, is regulated with an air- 
weight controller. The blast is pre-heated by passing 
through the windbox which jackets the shell in the 
melting and superheating zones. Accessory control de- 
vices include moisture control of the blast, automatic 
analysis for CO, content of stack gases, and recording 
pressure gauges. A rigorously controlled operating pro- 
cedure is followed. Length of heats has been from | to 
t hr. 

Operating conditions for the 10-in. cupola parallel 
those of large units. Table | gives typical operating 
conditions for the 10-in. cupola. 


TABLE 1—TypicAL OPERATING CONDITIONS 
FOR 10-1IN.-DIAMETER CUPOLA 





Cupola-lining diameter: 10 in. 
Cupola area: 78.5 sq in. 
0.55 sq ft 
Fuyere ratio: 61% to 1 
Ratio of stack height to lining diameter: ll to 1 
Coke ratio: 7% to 1 
Thickness of coke split: 3 in. 
Weight of Coke Split: 4.0 Ib 


Air blast rate: 1214 Ib/min 
163 cu ft/min 
23 Ib/min/sq ft 
Melting rate: 11 Ib/min 
20 Ib/min/sq ft 
0.60 ton/hr/sq ft 


Coke-burning rate: 88 lb/hr 
160 Ib/hr/sq ft 
\verage tapping temperature: 2780 F 


\verage blast pressure: 10 02/sq in. 





INVESTIGATIONS CONDUCTED IN 10-IN. DIAM 
CUPOLA 


Effects of Moisture in the Blast 

Figure 2 shows a partial log of tapping temperatures 
and chemical compositions for a 1-hr heat investigat- 
ing the effects of moisture in the blast upon cupola 
operation and metal properties. Curves in Fig. 3 sum- 
marize the effects of moisture in the blast upon tap- 
ping temperature, total carbon content, chill depth, 
and metal fluidity. Uniformity of operation within 
each heat and excellent correlation from heat to heat 
are evident. The data are more accurate and more 
reproducible than similar data obtained with large 
commercial cupolas, are obtained at a considerably 
lower cost, and provide a basis for dependable informa- 
tion for studying the same problem in larger cupolas. 


Comparison of Cokes 


Laboratory tests alone have not always been found 
dependable for predicting the behavior of foundry 
coke. The small cupola offers a method for testing and 
comparing foundry cokes on a reasonable scale. Such 
a test method more closely approximates large-scale 
operation than any test which has yet been devised in 
the laboratory. 

All data obtained with various cokes in the small 
cupola cannot be directly applied to commercial opera- 
tion. For example, the uniform, small coke size used in 
the small cupola cannot be expected to reproduce the 
variations in size gradings encountered in the larger 
coke sizes used in commercial operations. Also, as a 
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Fig. 2—Partial log of Heat No. 87 run in 10-in.-diam 


cupola at blast moisture of 110 gr per lb. 
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Fig. 3—Summaries of the effects of moisture in the 
blast upon cupola operation and metal properties as 
determined in the 10-in.-diam cupola. 
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in.-diam cupola with two different oven foundry cokes 
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esult of lower crushing loads, mechanically weak cokes 
would be expected to show relatively better results in 
ihe small cupola than in larger units. When these 
factors are taken into consideration, the data obtained 
by running cokes of known and unknown quality in 
the small cupola provide a basic background appli- 
cable to larger units. Figure 4 shows the tapping tem- 
perature logs of two heats run with different cokes. 
Laboratory tests showed these cokes to have different 
characteristics. Under similar conditions of cupola 
operation in the small cupola, these cokes produced 
tapping temperatures differing by an average of about 
80 F which was confirmed in commercial operations. 


Effects of Rusty Scrap in Cupola Charge 

A great deal of heavily rusted scrap is being used in 
cupolas at the present time because of shortages of pig 
iron and good-quality scrap. The small cupola was 
used to investigate the effect of rusty scrap on metal 
quality. Metal charges for a base heat were shot blasted 
to remove all adhering rust and scale. Additional 
heats were run with progressively increasing amounts 
of adhering rust and scale on the components of the 
metal charge. This investigation illustrates the rela- 
tive ease with which such variables may be evaluated 
on a pilot-plant scale. Presumably, the same trends as 
found with the small cupola will be found in larger 
installations although they may be greater or less than 
those obtained with the small cupola. In many com- 
mercial installations the effect of a variable of this 
nature would be completely obscured by other operat- 
ing variables. The value of the small cupola for such 
investigations is evident. 


Studies on Refractories 


Actual service is considered by many to be the only 
good test for cupola refractories because of the number 
of factors acting simultaneously to destroy the refrac- 
tory. It is difficult in conventional laboratory tests of 
refractories to reproduce simultaneously the conditions 
of temperature, slag attack, abrasion, and gas attack 
encountered in the cupola. While tests in full-size cu- 
polas are expensive, and accurate data difficult to ob- 
tain such tests can be made quite easily in the small 
cupola and may even be conducted during heats which 
are being run primarily to study other factors. Accu- 
rate measurements of refractory loss are easily obtained 
by weighing the melting zone section before and after 
a heat. The ability of various fireclays, bentonites, and 
other bonds to withstand cupola operating conditions 
has been readily obtained. The effects of various grain- 
size distributions in ramming mixes and their effect 
upon lining burnouts, slag penetration, and other fac- 
tors, have been evaluated. 

Early heats in the small cupola showed an average 
loss of about 28 lb of lining in heats melting only 450 
lb of iron and at average tapping temperatures of 
about 2680 F. With longer heats and operations ad- 
justed to provide hotter iron, the refractory loss per 
heat tended to increase. 

A gradual improvement was made in the lining life 
until an average loss of about 9 lb per heat was ob- 
tained for 600 lb heats with an average tapping tem- 
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perature of 2780 F. The same factors which were 
found to affect the life of the rammed lining in this 
small cupola can be expected to be major factors af- 
fecting the burnout of patches in larger cupolas. 


Possibilities as a Commercial Meiting Unit 


The present unit could be used for melting iron to 
pour castings. The 10-in. unit will easily produce 700 
lb of iron an hour at about 2800 F. Heats up to 4-hr’s 
duration have been made. The iron can be tapped 
conveniently every 3 min into hand ladles containing 
30 to 40 lb of metal. Such a cupola would be of par- 
ticular interest to someone producing small quantities 
of highly alloyed or special irons which might other- 
wise have to be melted in an electric furnace. Enlarg- 
ing the lined diameter of the cupola to 12 in. could be 
expected to increase the melting rate to about 1000 Ib 
per hr. The dimensions of the well could be increased 
to enable tapping of larger quantities of metal on a 
single tap. 


Additional Research Possibilities 


Since the small cupola is readily adapted to meet 
special conditions for a test, the cupola operator will 
recognize the excellent possibilities of this unit for 
providing basic data. The degree of control that can 
be exercised over known variables is much better than 
that obtainable in commercial operation. A _ partial 
list of such investigations might include the following: 

1. Effects of the Silicon Level of Cast Iron Upon Carbon Pick- 

up in the Cupola. 

2. Effects of the Moisture Content of Coke Upon Cupola Oper- 

ation and Metal Properties. 

3. Effects of Oxygen Enrichment of the Blast. 

$. Eitects of Prehearing the Air Blast. 

5. Efficiency of Additions Made to Cupola Charges to Increase 

Carbon Pickup. 

6. Effects of Various Fluxes Upon Cupola Operation and Metal 

Properties. 

7. Effects of Secondary Air Blast Admitted at Various Levels 
in the Cupola. 

The list can be readily lengthened by the addition 
of other problems on which basic information is lack- 
ing and which is difficult to obtain in larger units. 

DESIGN OF CUPOLA 
Cupola Shell 

The cupola shell as shown in Fig. 5 is in four sections 
to simplify handling and relining. 

The shell of the well section is 15 in. in diam with 
flanges welded to the top and bottom. Suitable open- 
ings for the preformed taphole block and the slag hole 
are cut into the shell. The bottom plate is held in 
place by a wedge and steel car inserted through lugs 
welded to the bottom flange. Four sockets on the lower 
flange engage upright pipes mounted on a small truck 
to support the cupola. 

The tuyere section (Section 8) includes a flange on 
its lower end for bolting this section to the well. The 
shell for the tuyere section shown in Fig. 6 includes a 
jacketing windbox which serves the dual purpose of 
preheating the air blast and cooling the shell to pre- 
vent warping. To facilitate uniform distribution of 
air in the windbox, it is divided into four zones by 
vertical baffles. The air blast enters the top of the 
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Fig. 5—Vertical section through 10-in.-diam cupola. 
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windbox through two diametrically-opposed openings 
in the bustle pipe, travels down along the shell, around 
the ends of the baffle plates, up the length of the shell, 
and into two diametrically-opposed downcomers. Each 
downcomer serves one tuyere. In the tuyere section, 
the inside shell of the windbox is 15 in. in diam and 





the outside of the windbox jacket is 18 in. in diam. 
The two main tuyeres measure 2 x 3 in. and are 
fitted with swinging covers containing mica inserts. 
Peepholes, located as shown in Fig. 1 and 5, consist of 
short pieces of pipe welded to the shell and windbox. 
The peepholes are also fitted with swinging covers 









co 


en 
Vis 
to 

ad 
co" 
mi 


ou 
er 
we 




















|). E. KRAusE AND H. W. Lownie, JR. 


167 






























































= 
DOWN 
z Q %, x 
3 [cf BAFFLES 
v 
iF AIR FROM 
oe BLOWER 
1 
A 
CORNGOMER ‘aX BAFFLES ks} 
v 
AIR DOWN 
SECTION A-A 
er ay 
| 
CUPOLA SHELL (5"D. TOP OF 
BELOW THIS LEVEL WIND BOX 
AL coce at yer 
filed tH 
Siuciheel. 
DOWNCOMER | | ? ' 
Or + | = cee NOTE : ARROWS SHOW 
1: § ati DIRECTION OF AIR FLOW 
Vt! tie" 
‘(t 1 ee 
| 
{ rk | | y v 
1 ‘ 
1 
Y 
MAIN 
TUYERE im 








wind box. 





Fig. 6—Detail showing flow of air blast in jacketing 








containing mica inserts. 

Four upper tuyeres are located 13 in. above the main 
tuyeres and are equally spaced around the circumfer- 
ence of the windbox. Three of these tuyeres are clearly 
visible in Fig. 1. The upper tuyeres connect directly 
to the windbox through annular valves which can be 
adjusted to control the flow of air through them. The 
cover plates for the upper tuyeres are also fitted with 
mica observation windows. 

Stack section C is a simple welded cylinder, 18 in. 
outside diam, with one peephole located near the low- 
er end. Two diametrically-opposed pipe nipples are 
welded to the shell to serve as sampling ports for tak- 


ing stack gas samples. An exhaust hood is mounted 
above the upper stack section. 


Lining Procedure 


Each cupola section is lined separately by ramming 
a monolithic lining material around a fabricated steel 
form. Lining contour is shown in Fig. 5. 

In the well section, 1-in.-thick insulating firebrick 
splits are fitted next to the outside shell to give im- 
proved thermal insulation. Appropriate openings are 
provided through these bricks for the taphole block and 
the slag hole. After the insulating bricks are placed, 
the steel form is centered and suitably supported. A 
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special wooden block is placed through the taphole 
opening in the shell and fitted against the form to pro- 
vide an opening for the taphole block. After ramming 
the lining and withdrawing the form, the slag hole is 
cut through with a sprue cutter. The taphole opening 
is finished off to receive a preformed fireclay taphole 
block which is not sealed into position until after the 
bed has been ignited with a gas burner. 

The windbox section is lined by ramming the mono- 
lithic ramming mix against another steel form. Wood- 
en blocks at the bottom of the section form the open- 
ings for the main tuyeres and help to locate the firm. 
After lining is completed, peepholes and upper tuyere 
openings are cut through to the form with a sprue 
cutter, and the form is withdrawn. The withdrawing 
of the long form used in this section is simplified by 
greasing it thoroughly before use or by wrapping it 
with waxed paper. 

The two uppermost stack sections are lined in a 
slightly more complicated manner. These sections, 
however, require relining only after 30 heats or more. 
Steel forms to form the desired inside contours are 
first built up with wooden staves, to increase the diame- 
ter of the form by 2 in. The oversized forms are lo- 
cated in the shells and a mixture of vermiculite and 
lumnite cement rammed into place, to produce a lin- 
ing with excellent thermal insulating qualities but low 
mechanical strength. The forms are then withdrawn, 
stripped of their staves, and reinserted into the shells. 
A silicon carbide cement is rammed into place between 
the insulating lining and the form. After withdrawal 
of the form, the lining is fired at 2400 F by a gas torch 
until brown spots are visible on the surface of the lin- 
ing. This type of composite lining has been found to 
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combine good thermal insulating properties and exce! 
lent mechanical strength. 

The top of the upper stack section is finished off wit] 
a layer of strong refractory cement to protect the lin 
ing. 

Lining Materials 

The 10-in. cupola has been used to compare thx 
service life of various kinds of monolithic linings lead 
ing to the use of the following mix which has give 
excellent results in the well and melting-zone section 
113 Ib—Crushed silica rock, — % in. + \ in. 
85 Ib—Clean silica sand, A.F.S. Grain Fineness No. 3+ 
37 lb—Silica flour, 140 mesh 
15 Ib—Western bentonite 


The mixture is thoroughly mulled with about 10 
per cent water. While still damp the surface of the 
completed lining is washed with a slurry of 50 per cent 
lime and 50 per cent silica flour, and air dried over 
night. After drying with a low gas flame for about 8 
hr the temperature is increased until the surface of the 
lining is heated to a cherry red. Linings of this type 
show a loss of about 8 to 10 lb in a 1-hr heat with tap- 
ping temperatures of the order of 2800 F. Because ol 
the desire to maintain a high order of reproducibility 
of results, the cupola is usually relined when the melt- 
ing-zone diameter has been burned back 4 in. which 
usually occurs after three heats. If critical control of 
the melting-zone diameter were not desired, additional 
heats could be obtained from each lining. Patching is 
usually not attempted because of the difhiculty of work- 
ing in the restricted space and the relative ease of re- 
lining. 

Although the use of using preformed refractory 








Fig. 7—Typical charge:for 10-in.-diam cupola. From 
left to right, the components are as follows: (Back 


Row )—Coke, Steel Scrap, Malleable Pig Iron, and Cast 
Iron Scrap. (Front Row)—Limestone, Silica Pebbles, 
and High-Silicon Pig Iron. 
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rings which could merely be slipped into place ap- 
pears to be entirely practical, it has not been adopted 
because the type of lining is frequently changed to 
evaluate various cupola refractories. 

Although tuyere life was a problem in early heats, it 
was solved by facing the inside of the tuyeres with a 
|,-in.-thick layer of silicon carbide cement which out- 
lasts the refractory lining and remains clean. 


Stack Capacity and Lining Contour 

The stack capacity of the cupola was found to have 
an important effect upon the level of tapping tempera- 
tures obtained. An early design with a small-diameter 
stack, holding only three charges, produced tapping 
temperatures considerably lower than the 2800 F ob- 
tained with the present larger diameter design which 
holds ten charges. 

The lining contour shown in Fig. 5 was developed 
to reduce hanging or scaffolding of the charges, which 
occurred because of the smail area of the stack open- 
ing. Hanging still occurs with the fill-up charges, but 
the charges are easily dislodged by tapping the shell 
with a hammer. With the present contour, once 
charges begin to move, little trouble from hanging is 
experienced. Hanging at the start of the heat ap- 
parently results from the placing of cold charges into 
the hot stack. As the charge components heat and ex- 
pand, they tend to lock each other into place. Pre- 
heating of the stack to very high temperatures was 
found to aggravate hanging. 

No trouble has been encountered with slag bridges 
and the tuyeres remain bright and clean throughout 
the heat. 


CUPOLA OPERATION 
Charges 


Although charges are varied to suit various experi- 
mental problems, a charge is usually made up of 30 Ib 
of metal, 4 lb of coke, and suitable amounts of flux. 
The constituents of typical charge are shown in Fig. 7. 

A typical 30-lb metal charge is made up as follows: 

11.0 Ib—Rerolled rail steel scrap 

1.6 Ib—10% silicon silvery pig iron 

9.4 lb—2.8% silicon malleable pig iron 
8.0 Ib—Remelted cast iron scrap 

4.0 lb—14 x 1% in. oven foundry coke 
1.2 lb—14-in. limestone 

0.2 Ib—l4 in. silica pebbles 


For better uniformity of composition at the spout, 
the constituents of each charge are charged in the order 
listed above. 

The steel scrap consists of commercial light sections 
of angles and “figure eight” sections of rerolled rail 
steel not exceeding about 3 in. in length or 0.3 lb in 
weight. The silvery pig iron and malleable pig iron 
are also commercial materials obtained in specially cast 
thin pigs in order to facilitate breaking them to size. 
The malleable pig iron is broken to a maximum weight 
of about 2 lb per piece and the silvery pig iron to about 
0.6 lb per piece. 

The cast iron scrap is obtained from iron melted in 
large batches in an electric furnace to insure uni- 
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formity of composition. This material is cast into 
special shapes in stack molds so as to provide sections 
which are of uniform size, and of such shapes as to in- 
crease the permeability of the charge. 

Although precise attention has been given to the 
composition and uniformity of charge materials in 
using this cupola for experimental work, less precision 
could be tolerated for less exacting applications. Ex- 
perience has shown, however, that extra attention to 
the makeup and placement of the charges pays off in 
increased uniformity of operation. 

With the exception of cokes used for special pur- 
poses, the coke used for most heats to date has all been 
from the same lot of prewar oven foundry coke of good 
quality. As received, this coke was sized to pass through 
a screen with 134-in. square openings, and is further 
sized before each heat by rejecting all undersize from 
a 1l4-in. screen. 

The use of the limestone-silica flux charges gives a 
fluid slag in sufficient volume to slag the cupola clean- 
ly and adequately without any tendency to form a‘slag 
bridge. The addition of silica pebbles to the flux 
charge is made to increase the slag volume and to re- 
duce slag attack upon the lining. A typical slag pro- 
duced by this cupola averages: 
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Fig. 8—Control panel for 10-in.-diam cupola. 
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SiO, CaO Al,Oxg MnO FeO Balance 
51.0 30.0 8.0 2.0 2.5 6.5 


The slag is a clear glassy dark green with a dark gray 
surface. The average slag weight produced in a 1-hr 
heat, in which 600 lb of iron are melted, is about 60 Ib. 

Slag fluidity at the start of the heat is improved by 
using a double flux charge on the bed, and adding 0.4 
Ib of fluorspar to the bed flux and to the flux for the 
first two coke splits. 

High tapping temperatures at the start of the heat 
are facilitated by using half-weight metal charges with 
full-weight coke splits for the first two charges. 


Cupola Control 


The control panel and control instruments used 
with the 10-in. cupola are shown in Fig. 8. 

The air blast is furnished by a Roots-Connersville 
positive-aisplacement blower and is controlled by a 
Foxboro Air-Weight Controller. 

Blast pressure is continuously recorded by a record- 
ing pressure gauge connected to the bustle pipe. Blast 
pressures rarely exceed 10 oz per sq in. at an air rate 
of 1214 lb per min. 

The moisture content of the air blast is controlled 
by a Kathabar air-conditioning unit within the limits 
of about 25 and 220 grains of moisture per pound of 
air, but is generally controlled to about 35 grains per 
pound. 

Although the Kathabar unit controls the tempera- 
ture of the air blast as it leaves the unit, there is no 
independent control of the preheating of the air in 
the jacketing windbox. Air temperature is recorded 
with a thermocouple at the tuyeres and has been 
found to be quite consistent from heat to heat so long 
as the blast rate is held constant. ‘The temperature of 
the air at the tuyeres gradually increases from about 
290 F at the start of a heat to about 380 F at the end of 
a heat. Because blast temperature is an important 
variable in cupola operation, the present unit is being 
modified by the addition of an external gas-fired pre- 
heater to permit independent control of the blast tem- 
perature. Such modification would not be necessary 
for melting iron for castings exclusively. 

Stack gases are continuously sampled and analyzed 
for CO, content by a flue-gas analyzer. These read- 
ings are supplemented during each heat with Orsat 
analyses for CO., CO, and O, to check upon the opera- 
tion of the automatic equipment, to give more de- 
tailed analyses, and to guard against the development 
of any undiscovered leaks in the sampling system. 

The weight of iron tapped is conveniently measured 
by a spring balance supporting the hand ladle by 
means of a yoke assembly shown in Fig. 1. 

Timing of the various operations is simplified by 
using a revolution counter attached to an electric clock 
motor geared to read directly in tenths of a minute. 
This type of timer has been found to be more satis- 
factory than the dial type shown in Fig. 8. 

Original bed height in the cupola is determined by 
measuring with a calibrated chain dropped from the 
top of the cupola. The bed is prodded with a long 
steel rod before each measurement to insure that the 
bed is free of large voids and channels. 
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For a period of several heats, the well was rigg: 1 
with a pair of carbon electrodes to indicate the heig! t 
of metal in the well. This system was found useful fur 
determining the true melting rate under different co: - 
ditions and to indicate the proper time at which ‘o 
tap. The system, however, was difficult to maintain 
and was discarded temporarily in favor of a unifor 
tapping cycle. 

Difficulties with the electrode system stemmed froin 
the short-circuiting of the terminals by the coke and 
hot slag during the heat. This was partially cured by 
using a teapot spout construction in the electrode weil. 
However, the cure introduced the problem of obtain- 
ing suitable refractories for the teapot spout because of 
limited space available in the small well. With a larger 
well section this difficulty could be overcome. Another 
difficulty experienced with the electrodes resulted from 
the fact that the slag was electrically conducting at the 
temperatures existing in the cupola well and the elec- 
trode circuit was closed before the metal actualiy 
reached the upper electrode. An electrode system in- 
corporating a light source and photocell unit was then 
designed to differentiate between slag and metal since 
the molten slag has a lower electrical conductivity 
than the molten iron. This arrangement worked quite 
satisfactorily and was used to sound an alarm bell 


TABLE 2—TypicaL LIGHTUP AND OPERATING 
SCHEDULE FOR A 1-HR HEAT IN A 10-1N.-D1AM CUPOLA 





9:30 a.m. Assemble well section and tuyere section by bolting 
together. Connect blast main to bustle pipe. Con- 
nect pressure gauge. 


10:00 Put on bottom plate and run in sand bottom. 

10:20 Place two stack sections and hood. Connect gas 
sampling lines. 

10:40 Charge 10 Ib of coke on top of pipe to form channel 
in bed. Remove pipe. 

10:45 Light gas burner inserted through breast. 

11:30 Add 10 Ib of coke. 

11:45 Add coke to upper tuyeres. 


12:05 p.m. Remove burner. Turn blast on low at 314 Ib of air 
per minute. 


12:25 Blast off. Set preformed taphole block. Add coke to 
42 in. above tuyeres. 
12:40 Turn blast on low at 514 lb per minute. 
1:00 Bed is entirely burned through and stack is pre- 


heated by this time. Prod bed and adjust to 42 in. 
with new coke. Plug slag hole. 


1:08 Turn blast on full for 3 min at 1214 Ib of air per 
minute to thoroughly burn in new coke. 
1:15 Start charging. Order of charging on top of bed is: 


bed flux, coke split with flux, half-weight metal 
charge, coke split with flux, half-weight metal 
charge, coke split with flux, full-weight metal 
charge. Coke splits and full-weight metal charges 
are added until the stack is filled. The stack holds 
two half-weight metal charges and nine full charges 
with the required coke splits. 


1:25 Turn blast on full to begin melting. 

1:35 Plug taphole. 

1:37 First molten metal seen dripping past lower tuyeres. 
1:48 Make first tap of 30 Ib. 

1:52 Make second tap of 30 Ib. 

1:55 Continue tapping at intervals timed to nearest tenth 


of a minute. 
After fifth tap: 

Open slag hole. Slag hole left open. 
2:48 Drop bottom. 











w! 


de 


vic 
scl 


us! 
tu 
on 
thi 
ol 


go 


tal 
spi 
eat 
In 


me 
ho 
sla 


ser 
he: 
Wi 
W 
dit 
ate 
ate 


pre 


yel 
of 


- im 


eat 
vic 


of 
be 


pre 


in 


ho 
int 
mad 


eff 
pe 
pr 


ha 
de 
tio 








o 


— =~. 


"“ 


yn 


nd 


ll 


er 


al 
al 
al 


ls 











D. E. Krause AND H. W. Lownie, JR. 


when contact was established. This electrode system is 
a definite asset where close control of operations is 
desired. 


Typical Lightup and Operating Schedules 


\ssuming that charges have been made up as pre- 
viously described, Table 2 shows a typical operating 
schedule for a 1-hr heat to melt about 600 Ib of iron. 

Charging of a 600-lb heat as described in Table 2 is 
usually completed about 10 min after the blast is 
turned on. A 10-lb coke charge is put into the stack 
on top of the last metal charge. The time of charging 
this 10-lb coke charge is recorded to the nearest tenth 
of a minute because this time has been found to be a 
good indication of the melting rate of the unit. 

Slag samples and Orsat gas analysis samples can be 
taken any time during the heat. Test bars, fluidity 
spirals, chill tests, and other castings are poured from 
each tap according to the dictates of the experiment. 
Inoculants and alloys can be added at the spout and 
go into solution readily, giving good results because 
of the relatively high temperature of the iron. 

Operation of the cupola during a heat requires three 
men; (1) a cupola tender who taps, tends the slag 
hole, notes the weight and time of metal tapped, takes 
slag samples, and adds inoculants when required; (2) 
a ladle man who does all the pouring; and (3) an ob- 
server who records and controls the progress of the 
heat, takes Orsat samples, reads tapping temperatures 
with an optical pyrometer, and charges the cupola. 
When the test procedure becomes more involved, ad- 
ditional men are sometimes required to charge, oper- 
ate immersion pyrometers, pour special tests, or oper- 
ate the chill-test stand. 


POSSIBLE MODIFICATIONS OF CUPOLA 


Experience with the present design indicated im- 
provements that might be included in a new design. 
The present use of annular valves for the upper tu- 
yeres has not proven to be entirely satisfactory because 
of their tendency to warp. They also lack facilities for 


‘individually measuring the amount of air entering 


each tuyere, and a new design will incorporate indi- 
vidual control and measurement of air to each tuyere. 

The lack of flexibility in the preheating temperature 
of the air blast with the present windbox design has 
been mentioned. 

To allow for greater flexibility, it is felt that the 
present well capacity of about 45 lb of iron should be 
increased to about 60 or 70 Ib. 

An effort has been made to relate some of the ex- 
periences obtained with a 10-in.-diam cupola, to show 
how such a unit may be built and operated, and to 
indicate some of the purposes for which such a unit 
may be used. 

Experience with such a unit has shown that it will 
efficiently and economically melt cast iron and will 
permit accurate evaluation of operating variables if 
properly handled. 

Ihe application of units of this type appears to 
have greatest promise in the fields of research and 
development. However, use as a medium of instruc- 
tion in university foundries and laboratories should 
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also be a possible application. The unit, or modifica- 
tions of it, may also find application in certain com- 
mercial uses where small quantities of rigidly con- 
trolled iron are required. 


DISCUSSION 


Chairman: W. W. Levi, Lynchburg Foundry Co., Radford, Va. 

Co-Chairman: W. A. PENNINGTON, Carrier Corporation, Syra- 
cuse, N. Y. 

W. W. Levi (Written Discussion):* The authors are to be con- 
gratulated for their excellent presentation of a most interesting 
subject. Their exhaustive study and analysis of the operation 
of the small cupola should help materially in increasing our 
understanding of the operation of a unit as widely used as the 
modern commercial sized cupola. The discussion which follows 
is presented with the idea of clarification of some of the points 
brought out by the authors with the hope that this will add 
further to the value of the paper. 

One of the foundries with which the writer is connected oper- 
ates four cupolas lined to 72 in. Blower and blast piping ar- 
rangements are such that any one of the four cupolas can be 
operated by an air weight control blower which delivers air from 
a Kathabar designed to maintain moisture in the blast at about 
four grains per cubic foot. When the Kathabar was installed, 
an improvement in cupola operation was noted immediately, 
though it was impossible to make a quantitative evaluation of 
the improvement due to the fact that quite a number of un- 
controllable variables enter into the operation of large com- 
mercial cupolas. The investigation carried out in the 10 in. 
cupola demonstrates quantitatively the effect of variations of 
the amount of moisture in the cupola blast and indicates clearly 
the advantage of the dry blast from the standpoint of metal 
temperature and carbon content of the iron. 

It would be of interest if the authors would present some 
results of their study on “Effects of Rusty Scrap In Cupola 
Charge,” as presented on Page 165. In connection with “Studies 
on Refractories” (Page 165) and “Lining Materials” (Page 168) 
it would be of interest if the authors would suggest a com- 
parable procedure applicable to larger commercial cupolas. On 
Page 170 under “Cupola Control,” it is stated that the tempera- 
ture of the air blast increases from about 290 F at the start of a 
heat to about 380 F at the end. Do the authors feel that such a 
change in blast temperature would have any appreciable effects 
on data obtained from a particular investigation? 

Mr. Krausz (Written Reply to Mr. Levi): We wish to 
thank Mr. Levi for his comments on this paper. We realize that 
we might have clarified some of the points he raised if we had 
discussed these points in greater detail. It was necessary to keep 
the paper within reasonable limits of length and for that reason 
some items brought up by Mr. Levi were merely mentioned. 

We are particularly indebted to Mr. Levi for his experience 
with large scale operations using air conditioned blast. It was 
gratifying to learn that he found the same trends in regard to 
the effect of moisture in the blast on iron temperature and 
carbon content of the iron although the quantitative effect 
differed. 

In regard to the effect the gradual increase in blast tempera 
ture from 290 to 380 F during a heat would have on the data, it 
was realized that this condition was not entirely desirable. 
These limits are somewhat above the average however, although 
they are fairly representative. Since the average results obtained 
for a given heat are compared with the average results for an- 
other heat, this condition is not as serious as it may appear. 
Subsequent operation of a more recent design 10-in. diam cupola 
for which the blast temperature can be controlled independently 
within narrow limits gave results very much like those reported 
for heats wherein a 60 F to.90 F variation in blast temperature 
occurred. 

The investigation on the “Effects of Rusty Scrap in the Cupola 
Charge” comprised a series of three heats in which the iron 
oxide on the charge material was 0, 1.0, and 2.0 per cent. A 
gradual reduction in the carbon content of the iron was ob- 
served. The average results in regard to carbon and silicon 
content of the iron are as follows: 


1 Metallurgist, Lynchburg Foundry Co., Radford, Va. 








Iron oxide on Aveiage composition 


Charge material, T.C. Si 
oc” oOo; GT 
0 oO C 

0.0 3.46 1.83 

1.0 3.34 1.83 

2.0 3.30 1.77 


It was also observed that the slag became darker in color as 
the amount of iron oxide on the charge material increased. 

In regard to the question of suggesting a procedure for in- 
vestigating lining materials for larger cupolas, this is somewhat 
difficult to do in a limited amount of time. Although it was a 
simple matter to weigh the melting zone section of the 10-in. 
cupola before and after a heat to obtain the lining loss, this 
procedure obviously cannot be applied to a larger cupola. Two 
procedures have been followed for commercial investigations. 
One was to weigh the materials required to line the cupola 
melting zone back to the original dimensions as determined by 
templates and the other was to accurately measure the melting 
zone before and after a heat and calculate the refractory loss. 
In one case, a loss expressed in weight will be obtained while 
in the other, the loss will be expressed in cubic feet or some 
other volume factor. 

J. W. Mrrcueti:*? What was the ash content and composition 
of the two different types of coke used? We have been trying 
to use a 6-in. cupola at the Missouri School of Mines and we 
have been having trouble. { think some of it was due to our 
coke, hence I would like to hear some discussion on coke. Also, 
what is the height of your bed when you started charging metal? 

Mr. Krause: Our standard coke is of fairly good quality 
having 6.3 per cent ash, 1.6 per cent volatile matter and 92.1 
per cent fixed carbon. In regard to the analyses of cokes A 
and B referred to in Fig. 4, they are as follows: 


Coke A Coke B 
Fixed Carbon, per cent 89.9 86.6 
Volatile Matter, per cent 0.87 2.4 
Ash, per cent 9.2 10.9 


I would like to emphasize that preheating the blast is an im- 
portant factor in the successful operation of a cupola of this size. 
With the cold blast we had considerably more trouble. With 
regard to the bed height, it was 42 in. above the lower tuyeres 
at the time we charged. 

The position of our upper tuyeres might be a little too high 
in this cupola. We would like to investigate the matter of 
tuyere ratio and use of upper tuyeres but progress is slow since 
each point on the curves, Fig. 2, 3 and 4, cost about $800. 

C. F. WaAtton:* Do you feel that two sets of tuyeres are nec- 
essary for satisfactory operation of a small cupola? It would be 
simpler to have a single set. 

Mr. Krause: With regard to ihe necessity for upper tuyeres, 
I am not so sure I can give you a good answer now. In the 
earlier stages of development of the cupola, we found the upper 
tuyeres were highly desirable in regard to maintaining a highei 
bed. One of the difficulties with small cupolas is trying to keep 
the bed up to the desired height. However, since the period of 
initial development we made a large number of improvements in 
operation so that at present the upper tuyeres may not be so 
important. We just are not sure of that. 

Mr. MITCHELL: At what temperature did you preheat your 
blast? Was there any reaction between your flux and your 
lining that may tend-to cause friction? We had trouble with 
bridging just above the tuyeres in our 6-in. cupola. 

Mr. Krause: The usual type of bridging which often occurs 
just above the tuyeres is entirely absent. We operated up to 4 
hr and at the end of that time the tuyeres were absolutely clean 
and the coke in front of the tuyeres hot. Here again the quality 
of the lining is very important. A good lining properly rammed 
will show very little erosion. I believe it shows about a 9 to 10-Ib 
loss during a l-hr heat which is less than 14 in. We normally 
run three heats before we reline the melting zone. At the end 
of that period, it is burned out approximately 54 in. In the 
small cupola we found that bridging above the tuyeres is asso- 
ciated with poor quality of the lining in the melting zone. 

There is another point in the operation of the cupola that is 
very important and that is adequate preheating of the melting 


2 University of Missouri, School of Mining and Metallurgy, Rolla, Mo. 
3 Instructor, Case Institute of Technology, Cleveland 
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zone. In a large cupola of 60 in. or over you can get by with a 
short preheating time. However, it is desirable to heat a 
small cupola as long as 3 hr in order to get the refractory thur- 
oughly heated. The temperature of the blast is 100 F as it 
enters the windbox and on passing through our jacketed wir d- 
box it reaches the tuyeres at about 300 F, which may rise to 5:0 
F at the end of the heat. 

C. B. Jupay:* Is it felt that temperatures around 400 F on 
preheated blast would be of more benefit than temperatures at 
this lower level? 

Mr. Krause: We are unable to answer that at the present 
time because we have not completed our series of heats on heated 
blast. The new windbox (Fig. 6) will enable us to conduct an 
investigation in which the temperature will vary from 100 F 
up to 700 F. When that is completed, we will probably report 
it. We did not vary the temperature of the blast because tie 
original wind box was such that it could not be done. 

With reliable data you would find an appreciable improve- 
ment in every 100 F increase in blast temperature. For example, 
temperatures in northern areas, where it is below zero in winter, 
you can notice a difference between 10 F below zero air going 
into the cupola and normal temperature air at, say, 70 F. 

F. K. Viat:> The subject of the relative advantages of various 
degrees of preheating the blast is too large to be considered in 
detail at this time 

It may be pointed out however that the returns from the 
first few hundred degrees of preheat is relatively larger than 
for later increments. The reason for this is apparent when con- 
sidering the requirements for melting. 

There are two distinct parts to the melting process. The first 
part consists in preheating the iron to the melting point. For 
this purpose the heat from the gases below the temperature re- 
quired for melting is made available. 

The second part of the process consists in changing the pre- 
heated iron from the solid to the liquid state and superheating 
it to the desired temperature. For this purpose the only heat 
available is from the gases whose temperature is several hundred 
degrees above the melting point. 

The handicap in melting with the blast at atmospheric tem- 
perature is that the temperature of the gases passing through 
the melting zone is not sufficiently high to melt as many pounds 
of iron as can be preheated by the gases after they leave the 
melting zone. 

In other words there is a surplus of low temperature heat fot 
preheating and for that reason the temperature of the effluent 
gases is higher than desirable. The excess heat cannot be used 
for preheating more iron for the amount of iron already pre- 
heated is all that the available heat from the high temperature 
gases will melt. Hence, increasing the height of the cupola stack 
will not appreciably conserve heat. 

It has often been said that all the heat in the world below 
2000 F will not melt a pound of iron. 

Preheating the coke is a vitally important factor in bringing 
about a balance between the amount of heat available for 
melting and the heat that can be used only for preheating. 

The pounds of iron melted per pound of coke would be 
greatly reduced were it not for the fact that the coke is pre- 
heated to 3000 F before it is burned. It therefore brings with it 
1200 BTU fer each pound burned. The greater part of this 
heat was picked up in the low temperature preheating zone and 
transferred to the high temperature melting zone. But even 
with this continuous circulation of heat from the lower to 
the higher temperature zone the balance between the two re- 
quirements is not complete. A few hundred degrees preheat in 
the blast will not only complete the job but will add an appre- 
ciable amount of heat to be used exclusively for melting. 

The benefits from any further additional preheating of the 
blast will not be as apparent, for after the balance has been 
established, the additional heat must be used for both preheating 
and melting, whereas the initial heating was used only for 
melting. Results as far as presented indicate that the performance 
of this cupola is comparable with the results obtained from an 
average conmmercial cupola. This being the case a program can 
be worked out indicating the thermal possibilities of melting 
between a range in the iron-carbon ratios of 1 to 1 and 18 to 1 
representing cold blast, hot blast, balanced blast, oxygen-enriched 
blast and dry blast. 

‘Plant Engr., Perfect Circle Corp., New Castle, Ind. 

5 Now Deceased, Formerly Vice President, Griffin Wheel Co., Chicago 
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EFFECTS OF TEMPERATURE AND SILICON 





CONTENT ON FIRST STAGE ANNEALING 
OF BLACK-HEART MALLEABLE IRON 


J. E. Rehder * 


ABSTRACT 


From an examination of published and unpublished experi- 
mental data on the relationship between silicon content and the 
time necessary for first stage annealing of black-heart malleable 
iron, it is shown that plotting of the logarithm of the silicon 
content’ versus the logarithm of the first stage annealing time 
produces a straight line, whose slope is dependent upon the 
carbon content of the iron. Furthermore, experimental data on 
the relationship between the temperature and the iime necessary 
for first stage annealing is shown to fall on straight parallel 
lines when plotted as logarithm of time versus temperature. The 
slope of these lines, when temperature is plotted as the inverse 
of absolute temperature is found to be —10,950. Application of 
the principles to commercial practice is discussed. 


THE PURPOSE OF THIS PAPER is to present and 
discuss certain regularities observed in data on the 
relationships between chemical composition, tempera- 
ture, and time necessary for completion of first stage 
annealing (decomposition of primary cementite) of 
black-heart malleable iron. Apparently little work has 
been published on such correlations, and the subject 
is approached here with some trepidation. However, 
the subject matter herein described has been in use in 
the author’s work in laboratory and plant for some 
two years, and has so far been found consistent and 
very useful when properly used. 


Time—Temperature Relationships 


It is well known that as the temperature of first stage 
annealing is increased, the time necessary for comple- 
tion of first stage annealing (which is the complete de- 
composition of primary or eutectic cementite) is de- 
creased, and Schneidewind and White! among others, 
showed that the relationship is semi-logarithmic, at 
least for the samples studied. When additional data 
from the literature were plotted by the present write: 
on semi-logarithmic paper, straight-line relationships 
were found between time necessary for first stage an- 
neal and the temperature of anneal. As more data 


*Foundry Engineer, Physical Metallurgy Research Labora- 
tories, Division of Mineral Dressing and Metallurgy, Bureau of 
Mines, Ottawa. 

Published with permission of the Director, Mines, Forests and 
Scientific Services Branch, Department of Mines and Resources, 
Ottawa, Ontario, Canada. 
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were obtained it became apparent that the straight 
lines thus obtained were nearly parallel, and when the 
limits of error of temperature control and determina- 
tion of the end point of first stage annealing were 
taken into account, the deviations from parallelism be- 
came small. In Fig. 1 are shown data from several in- 
vestigators, including unpublished work by the author, 
plotted on semi-logarithmic paper, and the parallelism 
of the various lines is evident. The sources of the data 
and the conditions of the white cast irons used are 
given in Table 1. It should be noted that this is by 
no means all of the data available, but is representa- 
tive of widely varying conditions. 

From the data available, it would appear that the 
following influences are without effect on the slope of 
the temperature—log time lines, although obviously 
conditions must be constant for a given line: 

1. Chemical composition of the white cast iron with 


Temperature °F 
























1500 1600 1700 1800 1900 
T \ Aa iu mi <_< oo T as 
\ 
25 |x tt 8 
wu *S. | Erect Or Temmerat 
20 — ‘ S ~-—+——+——-@-—_-+—__+— 4 
RN Time For Fist STAG Anse at 
| eee pees Wena ane 4 
aa 
q 
10 = + + 
| aan ores | 
” 8 at +- + 
wv 7 }——+ + + 
eo eee cS TSR | 
. 4 eT es {—__——} 
’ 
w 4 4+ 4 4 és 
> 
- 3+ t 
AVERAGE SLOPE — 
e | _ Loc Tme(Hes)= bem x Teme — aes 
WHEN Teme = °C, m= -0-00758 \ 
. + °F, m=-00042! 
: * = £,m=-10,950 
Rod ; 
' _ L N\ | 











TEMPERATURE - °C 


Fig. 1—Effect of Temperature on Time Necessary for 
Completion of First Stage Annealing. 





































































































ANNEALING OF BLACK-HEART MALLEABLE Ir on J. 

Taste 1—Wuite Cast Irons Usep For Data oF Fic. | p' 

Legend Investigator Source Size Bar Carbon, Silicon la 

of Iron As Cast Condition Per Cent Per Cet Ir 

8 © Sawamura Laboratory 10-mm diam rd ‘As-cast 2.43 0.94 7 nO 

3 e Sawamura Laboratory 10-mm diam rd Prequenched 2.43 0.94 * in 

2 & Kikuta Laboratory 8-mm diam rd As-cast 2.72 1.29 re 
1 © Schneidewind & White Commercial 34-in. rd As-cast 2.71 1.29 
3 oO Sawamura Laboratory 10-mm diam rd As-cast 2.38 1.25 
2 x Kikuta Commercial 8-mm diam rd As-cast 2.20 1.10 
4 - Schneidewind Commercial 34-in. rd As-cast 2.30 1.38 

- A Author Commercial 3%-in. plate As-cast 3.29 2.78 wl 

Note 1. Schneidewind* test pieces heated to first stage annealing temperature at 6800 F per hr. fir 

Note 2. Author's data from a sample cf chill cast iron containing 0.13 per cent chromium. “ 

a 

. we 

respect to normally determined elements. graph. So for example, if it is known that a given in 

2. Raw material and thermal history, such as: sample of white cast iron‘will complete the first stage sys 

(a) Type of raw material of anneal in 6 hr at 1750 F, then by plotting this point fro 
(b) Type of melting equipment on the graph and drawing a line parallel to the slope Ur 
(c) Melting and pouring temperatures. line, it will be found that 934 hr at 1700 F or 16 hr at tor 

3. As-cast section thickness, and grain size of the 1650 F will be necessary to complete first stage anneal- ap 
white cast iron. ing. j ae 

4. Heat-treatment of the white cast iron before an- In commercial operations, especially in pot-type per- 
nealing, such as pre-quenching to produce small, nu- iodic annealing kilns, there are sometimes appreciable 
merous temper carbon nodules. differences between the temperature registered by ther- 

5. Rate of heating from room temperature to an- mocouples and the actual temperature of some parts 
nealing temperature. of the charge. In Fig. 2 is shown how much the neces- 

As noted in Fig. 1, the equations of the straight lines sary first stage annealing time is increased when the 
shown are of the type furnace charge, or parts of it, are at a temperature 

Log time — m (temperature) + b below that shown by the furnace thermocouple. This 
where m = slope of the line data follows from the average slope in Fig. 1. 
b = a constant. It is evident that good temperature control is es- 

In Fig. 1 a broken line has been drawn showing the sential, and that temperature differences in various +4 
average slope of the lines, and when the time for com- parts of an annealing kiln should be kept as small as 3 
pletion of first stage annealing is in hours, slopes for possible, with a thermocouple in or near the coolest z 
different temperature systems are as given in Table 2. co 

2 
TABLE 2—SLOPE VERSUS TEMPERATURE SYSTEM 4 
Temperature System Slope 
Centigrade — 0.0076 ; 
Fahrenheit — 0.0042 & © A, 
Inverse Absolute — 10,950 
| 7a) Fig. 
Practical Applications K ft Tror 

Several useful applications of the above data to prac- 40 
tical commercial operations become evident, the two “3 
most important being the prediction of the time neces- Wi, It 
sary for completion of first stage annealing at various 30 into 
temperatures, provided the time at one temperature is 3 Fa silic 
known; and an appreciation of the importance of N - evid 
temperature uniformity and control in commercial > Leracr Of Tmmawaruet penc 
annealing operations. P. QDUFFERENCES iron 

If a chart is drawn up on semi-logarithmic paper as : 10 On Whe 
in Fig. 1, but with only one line showing the slope, ; CHANGE IN FIRST STAGE ferer 
then the chart can be used to determine first stage 7 a ee Fe logai 
annealing times for different temperatures. In the ° 10 20 30 40 so strai 
present state of knowledge it is absolutely essential TaemPeraTuRe DIFFERENCE, DEGREES - of sl 
that one point be determined by experiment on the THERMOCOUMLE LESS CHARGE In 
actual iron being used in the equipment being used, — two ¢ 
because while such effects as chemical composition, sec- leab] 
tion size, and so forth described above do not appar- Fig. 2—Percentage Increase in First Stage Annealing tent 
ently affect the slope of the line, they do determine Time Necessary when Furnace Charge is Cooler than 2.55 | 

TI 


the vertical position, or ordinate, of the line on the 


the Furnace Thermocouple. 
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part of the kiln. The only alternative is provision of a 
la'ge safety factor, which is wasteful of time and fuel. 
In fact one of the main advantages of using small per- 
iodic muffle kilns, or continuous kilns without pack- 


. ing, is in the decrease of temperature differential and 


resultant decrease in the necessary safety factor. 


Time—Silicon Content Relationship 

Data relating the effects of chemical composition of 
white cast iron to the time necessary for completion of 
first stage annealing, under satisfactory control of other 
variables, are infrequent in the literature. Valuable 
data have been obtained from results of experimental 
work published at different times by two Japanese 
investigators, who were apparently unaware of the 
systemization presented below. In Fig. 3 are shown data 
from Kikuta? and Sawamura® plotted on log-log paper. 
Unpublished work of the present author on labora- 
tory-made irons corroborates these data in all instances 
applicable, but is omitted from Fig. 3 in the interests 
of visual clarity. 
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Fig. 3—Influence of Silicon Content of White Cast 
Iron on Time Necessary for Completion of First Stage 
Annealing. 


It is evident that when experimental error is taken 
into account, the straight line relationships between 
silicon content and annealing time are excellent. Also 
evident is the fact that the slopes of the lines are de- 
pendent upon the carbon content of the white cast 
iron, the slope decreasing as carbon content increases. 
When the measured slopes of the lines of three dif- 
ferent carbon contents are plotted independently on 
logarithmic paper, it is found that the points fall in a 
straight line, and this permits the tabulation in Fig. 3 
of slopes for various carbon contents. 

In Fig. 4 are shown data for white iron test bars from 
two different commercial producers of black-heart mal- 
leable iron, obtained by the author. The carbon con- 
tent happened to be the same for each company, at 
2.55 per cent. 

Throughout an extended series of tests of the iron 
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of both companies at different times, it was found that 
for the same chemical composition and size of test bar, 
the iron from company B consistently required longer 
first stage annealing times than that from company A. 
The reason is not known, but the fact emphasizes the 
very important point that at present there is no way of 
predicting, from chemical composition or other data, 
the time necessary for first stage annealing. One point 
at least must be determined by experiment, to find the 
ordinate or the height of the log time-log silicon con- 
tent line above the horizontal, as this depends on one 
or many unknown factors. However, when one point 
is established experimentally, the time necessary for 
first stage annealing at different silicon contents (car 
bon content constant) has been found to follow a 
straight line relationship satisfactorily. 

Since carbon content affects first stage annealing 
time through the slopes of the log time-log silicon con- 
tent lines, it may not be surprising that there is dis- 
agreement in the literature as to the quantitative ef- 
fect of carbon content alone on first stage annealing 
time. It is necessary to maintain carbon content con- 
stant, or to use only points of similar carbon eontent, 
in order to produce consistent straight lines in graphs 
such as Fig. 3 and 4. 

From the experimental data and from Fig. 3, it 
would seem that the following influences apparently 
do not affect the slopes of the lines, assuming that 
conditions are constant for a given line. All or any one 
of them will affect the vertical position of a line. 

1. Temperature of first stage annealing. 

2. Rate of heating to first stage annealing tempera- 
ture. 

3. Section size. 

4. Grain size of the white cast iron. 

5. Thermal history, such as pre-quenching to pro- 
duce numerous small temper carbon nodules. 

6. Raw material nature, type of melting furnace, 
and superheat and pouring temperatures. 

It should be mentioned here that the occasional oc- 
currence in commercial operations of heats of iron 
which will not anneal normally, though of apparently 
normal composition, is well recognized, but there is 
nothing contained in the data herein presented to ex- 
plain such occurrences or to imply that they do not 
exist. Conversely, such occasions have not so far been 
found to upset previous or subsequent application of 
the present data. 


Practical Applications 


It should be noted that due to the log-log plot, the 
slopes shown in Fig. 3 are the ratios of the percentage 
change in the ordinate to the percentage change in 
the abscissa, regardless of the vertical location of a 
line on the graph. For example, the slope at 2.40 per 
cent carbon is —2.10, which means that for iron con- 
taining 2.40 per cent carbon, a 10 per cent increase in 
silicon content will result in a 21 per cent decrease in 
first stage annealing time necessary, other factors re- 
maining constant. From this it follows that a given 
percentage change in silicon content will produce a 
larger percentage decrease in first stage annealing 
time at lower carbon contents than at higher carbon 
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Fig. 4—Effect of Silicon Content on Time Necessary 
for First Stage Annealing for Two Commercial Found- 
ries. (Carbon content, 2.55 per cent.) 
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Fig. 5—Effect of Variation of Silicon Content (at 2.40 
per cent carbon) on First Stage Annealing Time. 


contents. 

Since the relationship just described is between per- 
centages, it is evident that a given absolute change in 
silicon content, for example 0.10 per cent, will have a 
greater absolute effect in hours necessary for first stage 
annealing, at lower silicon contents than at higher 
silicon contents. Control of variation of silicon con- 
tent in commercial practice should therefore be in a 
narrower range at low silicon contents than at high 
silicon contents for the same range of control of an- 
nealing time in hours. This is shown in Fig. 5, where 
for an iron containing 2.40 per cent carbon, the effect 
of closeness of control of silicon content on the first 
stage annealing time necessary is shown. 

In normal commercial operations in a given plant, 
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where silicon determinations are made on the sane 
equipment using the same methods, differences in <le- 
termined silicon content may be plus or minus 0.025 
per cent of silicon or less, and the change in first staze 


annealing time necessary is negligible for practical . 


purposes. However, if silicon determinations are lvss 
accurate, the effect becomes appreciable. When dif- 
ferent analytical laboratories are concerned, the effect 
of differences or errors in silicon content becomes more 
important, especially at lower silicon content. All of 
these considerations become relatively more important 
in short-cycle annealing operations where the factor of 
safety is less than when annealing in pot type periodic 
kilns. 

By drawing a graph as in Fig. 3 or 4 and plotting 
known points of similar carbon content, it is evident 
that the decrease in first stage annealing time to be 
expected from a proposed or expected increase in sili- 
con content can be found. It should be noted well, 
however, that the results of one plant are not neces- 
sarily applicable to another plant, since the vertical 
location of the line on the graph may be different (as 
shown for two plants in Fig. 4). Furthermore, if a 
major change in practice is made, such as a change in 
type of furnace used or a change from cold melt to 
duplexing, the line may or may not be shifted vertical- 
ly. For normal operations over six-month periods, 
however, the line for a given plant at a constant car- 
bon content has been found to be sufficiently stable for 
practical purposes. 


Time—Silicon Content—Temperature Relationships 


By a combination of the data presented in Fig. | 
and 3, it is possible to construct a three-dimensional 
diagram relating silicon content, temperature of an- 
neal, and time for first stage anneal, which becomes a 
curved surface. For example, when it has been deter- 
mined that a given sample of white cast iron contain- 
ing 1.0 per cent silicon requires 10 hr at 1700 F to 
complete first stage annealing, then the time at the 
same temperature (and carbon content) for different 
silicon contents can be found by drawing a line on 
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tig. 3 through the known point with a slope depending 
on the carbon content. Then for each of the time- 
silicon points so found, the times at different tempera- 
tures can be found from Fig. 1. The results of such a 
study for a certain iron are shown in Fig. 6. 

A few points on this surface were checked experi- 
mentally and found to be correct within experimental 
error, but this is not surprising since the surface is 
constructed from experimental data. How far this pro- 
cedure can be carried in practice, and what influences 
may disturb the relationships, are not known clearly 
at the present time, and such extensions should be 
used with caution. 


Conclusion 

The data presented above would seem to have con- 
siderable theoretical and practical interest, and re- 
sults so far have been consistent in both laboratory 
and plant. However, much more data must be gath- 
ered and correlated before the range over which the 
consistencies extend is clearly outlined, and the ab- 
sence of inconsistencies confirmed or their existence 
explained. This is a field for future work in both 
laboratory and plant. 
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DISCUSSION 


Chairman: H. L. Day, Auto Specialties Mfg. Co., St. Joseph, 
Mich. 

Co-Chairman: J. A. Durr, Albicn Malleable Iron Co., Albion, 
Mich. 

H. A. ScHwartz (Written Discussion): Mr. Rehder’s paper 
seems to add considerably to our knowledge of the annealing 
rate-temperature-silicon content relations during first stage an- 
nealing. All previous investigators, including this commentator, 
have always been tempted to investigate graphitizing rates dur- 
ing first stage annealing only. Good reasons are involved since 
the mechanism of second stage annealing is much more complex 
than usually believed, and quantitative results have, therefore, 
frequently not been reproducible because the variables were not 
known. 

Work is in progress in this commentator’s laboratory tending 
to clear up some of these matters and reference is here made to 
second stage annealing mainly in order that the practitioner of 
the malleable art may not be led to believe that second stage 
annealing rate is always related in some direct quantitative way 
to first stage annealing rate. 

Earliest investigations which are known to the writer in the 
field covered by Mr. Rehder’s paper are those by A. B. White 
and H. E. Gladhill, “Influence of Temperature and Composition 
on the Graphitization of White Cast Iron,” TRANSACTIONS of 
\.F.S., vol. 30, p. 413 (1922). 

Since the author does not mention this paper it may have es- 
caped his attention and it seems, therefore, well to call attention 
to these early experimentors. 

Perhaps Mr. Rehder will wish to comment on a comparison 
between this work at the University of Michigan and his own. 
They are, to a considerable degree, confirmatory of one another. 

Mr. ReEHDER (Author’s Reply to Dr. Schwartz): The comments 
of Dr. Schwartz are appreciated. The point is considered well 


taken, that inferences as to second stage annealing rates should 
not be drawn from data on first stage annealing rates, in the 
absence of specific experimental data. 

The work of White and Gladhill, mentioned by Dr. Schwartz, 
was familiar to the writer, but their experimental points were 
not used as examples in the published graphs since the scatter of 
the points would have confused the graph. If the experimental 
points of White and Gladhill, on temperature of anneal versus 
time necessary for first stage annealing, are plotted on semi- 
logarithmic paper, the best straight lines are of slopes considered 
in satisfactory agreement with the other data presented. Due to 
differences in chemical compositions of the three irons used by 
White and Gladhill, plotting of silicon content versus first stage 
annealing time is subject to effects of unknown importance, and 
sO was not used. 

Fitz CoGHLuin, Jr. (Written Discussion):' We have been pro- 
ducing high-silicon short-cycle malleable iron at our plant for 
the past 3 years and find in our results some practical substantia- 
tion of Mr. Rehder’s statements concerning the time required 
for first stage annealing in our analysis range. 

To briefly describe the process, we are producing a 1.55 to 
1.65 per cent silicon iron with carbon in the 2.20 to 2.40 per cent 
range. A cupola charge consisting of a very low percentage of 
graphitic material is used to prevent primary graphitization in 
heavy sections. Strict analysis contro] within standard limits is 
mandatory. No iron out of limits is delivered to the foundry. 

Figures 7 and 8 are melting log sheets showing duplex opera- 
tions during full production and during single shift operation 
respectively. The logs are self explanatory showing the entire 
history of two heats. 

Figures 9 and 10 show the annealing cycles of two radiant 
tube continuous annealing ovens used for our process. Control 
of the process is maintained through Brinnell hardness checks 
of a representative number of castings contained in each basket, 
daily mechanical testing of a test har series, daily micrographic 
inspection of a series of section sizes and constant policing of 
the entire burner and control systems of the ovens. 

Figures 11, 12 and 13 show test bar results obtained during 
January, February and March of this year, 1949. 

These data would indicate that Mr. Rehder’s theories on the 
upper reaches of silicon content and their effects on first stage 
annealing can and are successfully borne out in practice. 

R. ScHNempewinn:* Mr. Rehder has made another valuable 
contribution to the knowledge of the kinetics of malleablization. 
With regard to the influence of silicon on the time for first stage 
graphitization, three sets of investigations seem to check the 
values presented here. The data of Kikuta are the most clearly 
presented and the slopes, time vs. % Si on log-log paper, are all 
of the same order of magnitude as would be obtained from the 
work of Schwartz and of Schneidewind: and White. 

McMillan’s data (“The Effect of Composition on the Anneal- 
ing of White Cast Iron,” A.F.S. 'TRANsActions, vol. 50, pp. 30-38, 
1942) could give a much steeper slope. It is difficult to secure 
experimentally accurate data on the influence of silicon because 
in order to make high silicon heats it is customary to select the 
melting stock carefully and to increase the superheat. In our 
work at the University of Michigan the students are using the 
expression log time = 2.0 log Si + b, the slope 2.0 being about 
the average of the values given here. 

I feel that more experimental work will have to be done 
to determine whether the slope of this curve varies with carbon 
content because higher carbon or silicon irons will require dif- 
ferent melting practice. 

With regard to the influence of soaking temperature on an- 
nealing time, Gladhill and White and Schneidewind and White 
both plotted log time vs temperature as is done in this paper. 
We were criticized by Sisco (Alloys of Iron and Carbon, vol. 2, 
McGraw Hill Book Co.) for this practice. He pointed out that 
the data were “incorrectly plotted according to the principles 
of kinetics” and that log time should be plotted against the 
reciprocal of the absolute temperature. 

We agree with this view although the differences are smaller 
than the experimental error. 


1© Director of Research, National Malleable & Steel Castings Co., Cleveland. 

1 Metallurgist, Albion Malleable Iron Co., Albion, Mich. 

2 Prof. of Chemical and Metallurgical Engineering, University of Michi- 
gan, Ann Arbor, Mich. 








A. M. L CO. MELTING RECORD Tons 


NORTH CUPOLA 


maremat | % 


OPERATION 
Kindle 
ted Coke 





A. M. I. CO. MELTING RECORD Tons 


NORTH CUPOLA 


maremar | % 


FH] Sl el el sl ol wl a) wl) 


J. H. Lansine:* This paper by Mr. Rehder is very interesting 
and confirms and adds to the earlier work of Schneidewind and 
White and some others previously referred to. I think, from a 
practical standpoint, it is important to bear in mind that, in 
addition to what happens at the highest temperature that we 
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record in the anneal, what happens at some of the lower tem- 
peratures. This is equally important. 

We may say that, for instance, 2 hr at 1800 F with a silicon 
content of 1.10 or 1.15 per cent may be adequate, but it is also 





3 Technical and Research Director, Malleable Founders’ Society, Cleveland. 
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important to bear in mind that probably 10 or 15 hr may have 
been employed above 1500 or above 1550 F. Accordingly, in 
figuring out an annealing cycle and trying to account for the 
results obtained, 1 believe it is equally important, in addition 
to noting the effect at the high temperature, to take into account 
the supplementary effect, by no means insignificant, of the time 
at the lower temperatures, as well. 

F. J. Wurscher:* What is the mass unit involved in this 
paper? What is the maximum cross-sectional thickness of the 
castings to which these two annealing cycles are applicable? 

What factors contribute to these high, 20 and 21 per cent 
elongations for these rather high carbon-silicon irons? 

R. T. Criark:® We are not producers of malleable iron. We 
are consumers and are among many who have to machine the 
product which malleable foundries produce. This question has 
been in my mind, and has been discussed with our malleable 
vendors. We are purchasing malleable iron, from, let us say, five 
foundries. There apparently is no standardization at all in 
chemistry, melting practice or annealing cycle. Therefore, as a 
result we receive five materials which are entirely different. 

I have just one more thought to present. Has anything been 
accomplished as far as standardization of casting, melting and 
annealing practice with the thought of economy operation, 
shortening cycles, etc’, as was presented in this fine paper? Or 
do you continue to vary from a low-silicon 7-day cycle, which, 
due to the nature of the ovens and lack of control results in 
large variations or do you use a high-silicon 22-hr cycle which 
if closely controlled results in only occasional machining trouble? 
Will we eventually get a malleable iron of uniform analysis and 
heat treatment from each foundry producing and will it be of 
uniform quality, hardness, machinability, etc.? 

We wonder if malleable iron cannot be produced on the same 
controlled and uniform basis as rolled steel. 

H. Bornstein:* I want to say first that most of the speakers 
discussing this paper have been entirely out of order and have 
not discussed the paper at all. I am going to be guilty of the 
same thing for the reason that I want to reply to Mr. Clark. 

We also buy as well as produce castings, and we find a tre- 
mendous difference in machinability, composition and what not, 
in all kinds of castings that we buy. It is not confined to mal- 
leable castings alone. 

I think, as a whole, our malleable iron has been more uni- 
form than the gray iron and steel castings we bought the last 8 
years. 

W. P. Woopn:"* Referring to Fig. 4, is it possible that the 
chemistry other than carbon and silicon may have been a factor 
affecting annealing time? I suppose the manganese was used in 
suitable amount to balance the sulphur, but might it have 
been possible that the ratios there had some effect? 

Mr. Renper: In answer to Mr. Wood, the chemistry other 
than carbon and silicon was not believed to be a factor in this 


* Metallurgist, Marion Malleable Iron Works, Marion, Ind. 

5 Asst. Chief Metallurgist, Salisburg Axle Div. of Dana Corp., Fort 
Wayne, Ind. 

® Director of Testing and Research Laboratories, John Deere & Co., 
Moline, Ill. 
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case in view of the large number of samples taken. All of the 
points obtained are not shown on the graph (Fig. 4). 

Although the points brought out in this discussion are all to 
the good, I think it should be emphasized that this paper is 
primarily aimed at present practice. I think practice is going to 
be helped if it can be applied. on some reasonable basis. The 
whole logic of this paper was to try to present some systematiza- 
tion whereby better control can be had. I think this paper should 
be useful in this respect. It has been useful in my own work, 
and I think there is no reason why it cannot be useful in 
other people’s work. The object is to obtain uniformity of 
product through knowledge of process. 

A point worth mentioning with respect to the data presented 
by Mr. Coghlin is the manganese-sulphur shown. Last year I 
presented a paper on manganese-sulphur ratio,* suggesting that 
certain ratios gave minimum annealing time. It was very inter- 
esting to me that the manganese-sulphur ratio which he is using 
in practice agrees almost exactly with that recommended by me 
last year. I notice he showed very little silicon loss in the air 
furnace. I think I should mention that I do not think there is 
such a thing as going through the air furnace with no silicon 
loss. Iron can come out of the air furnace with the same silicon 
content or more silicon than that in the iron from the cupola 
but there is certainly a silicon loss in the air furnace. 

In a paper entitled, “Silicon Pick-up in Melting Malleable 
Iron” appearing on pp. 50-54 of the October (1946) issue of 
AMERICAN FounpryMAN I think I showed clearly that there is an 
appreciable silicon pick-up from the brick bottoms and sand 
bottoms. I believe that when a duplexing air furnace shows no 
silicon loss, that silicon is being picked up from the furnace 
hearth as rapidly as it is being oxidized at the surface of the 
bath. The rate of silicon pick-up increases exponentially with 
temperature, and at 2900 F the rate is too high to be ignored. 

It is noted in Mr. Coghlin’s data that a temperature of 1710 
F is being used for first stage annealing. If minimum annealing 
time is desired, it is evident from the data in the paper just pre- 
sented that the use of 1750 F or about 40 F higher, would de- 
crease their first stage annealing time by about 30 per cent. 

Prof. Schneidewind asked why I did not consider the work 
of McMillan. I did consider it and it is very good work. How- 
ever, the data presented by McMillan gave results that were in 
4-hr intervals. Since I was not satisfied that there were no 
intermediate data, I omitted the reference. 

Prof. Schneidewind mentioned that temperature vs time 
should be plotted as time vs the reciprocal of the absolute tem- 
perature. I agree entirely, but in a presentation of this type, it 
is considered more. practical to use a base of straight temperature 
in Fahrenheit or Centigrade degrees. The slope of the average 
line, plotted as Prof. Schneidewind suggests, is shown herein. 

I agree with Mr. Lansing’s remarks. One point that was not 
mentioned in the paper was the effect of first stage annealing 
temperature on mechanical properties of the resulting annealed 
iron. When first stage annealing temperature exceeds 1750 or 
1800 F, the mechanical properties of the resulting iron become 
poorer, and in general 1750 F is about the maximum desirable 
first stage annealing temperature. 

In answer to Mr. Wurscher’s question on mass or section size 
and its effect on annealing time, it has been well demonstrated 
that heavier sections anneal more slowly than light sections. The 
times shown on the graphs in the paper are for similar sections. 
If a lighter or heavier section is used, either apply the factors 
that Prof. Schneidewind presented last year or start off with a 
fresh experimental sample. 

In Fig. 2 showing the effect of temperature on first stage 
annealing time, data include sections from 14-in. to over | in. in 
thickness. Section thickness does not affect the slope of the line, 
but the intercept increases with section thickness. 

W. G. Ferreti:’ We have been discussing silicon contents. 
How and in what manner did Mr. Rehder arrive at a silicon 
content of his iron? Was it through the use of silvery pig iron, 
silicon briquettes or ferrosilicon? I think it is important to 
know. It has a definite place in the annealing owing to the vary- 
ing contents of aluminum contained in various silicons. 

Mr. Renver: I am speaking of laboratory melts. The silicon 


* “Effect of Manganese-Sulphur Ratio on the Rate of Anneal of Black- 
Heart Malleable Iron,’’ A.F.S. TRANSACTIONS, vol. 56, pp. 138-151 (1948). 
7 Prof. of Metallurgical Engineering, University of Michigan, Ann Arbor, 
Mich. 
8 General Works Supt., Auto Specialties Mfg. Co., St. Joseph, Mich. 
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is put in as ferrosilicon, and sometimes as silvery pig iron. 
the case of commercial melts, sometimes it is silicon briquett 
sometimes lumps of ferrosilicon, usually it is silvery pig iron. 

One of the other points I brought out was that changes 
practice in a given foundry will change the location of one 
these lines, but as long as a foundry uses the same practice, t 
results seem to be consistent. I had no opportunity to correla‘ 
the effects of using various sources of silicon in the charge. 

I would very much like to run a few days or few weeks usi 
silicon briquettes instead of silvery pig iron to see if that co 
stituted a change in practice. I do not know whether it dc 
or not. I do know that two foundries using apparently simi! 
practices and producing iron of similar chemical compositi: 
will find that the annealing times necessary may be differe: 
However, in a given foundry, as long as practice remains reaso: 
ably constant, the line relating silicon content to first stage 
annealing time seems to be constant. 

Mr. Bornstein: During the past 8 years we have had a seil- 
er’s market and we had little choice in the use of materials. 
Sometimes we would get one material and sometimes we would 
get another. At one time there was a shortage of silicon bri- 
quettes, and we had to use silvery pig, and everything went along 
all right. Later it seemed desirable to use silicon briquettes 
again, and we did. The report came from the shop that the re- 
sults were poor in that scrap loss had increased. They wanted 
to use silvery pig again. 

We then put one of our men to work with the foundry 
metallurgist to determine the facts. When the data were ob- 
tained we found practically no difference in scrap loss as between 
use of silvery pig iron and silicon briquettes. 

Miron Tittry:* I want to introduce a word of caution which 
evervbody else has avoided. These data seemed a little too pat 
to take to the shop and apply. We talk about establishing a 
point for a certain carbon content, and thereby establishing the 
slope of a line. That is fine for that particular iron, but there 
are so many variables in making malleable iron we do not have 
hold of. You will not find the same graphitization rate for the 
same analysis every day or every hour necessarily, so what you 
have to do, if you want to apply it, is to pick your worst condi- 
tion over a period of time and apply that particular time and 
slope to that iron and use that as a minimum which we do all 
the time aryway by standard practice in the shop. 

The only way you can establish that line is in your shop 
furnace. You cannot do it in the laboratory. You can get one, 
but it will not be what you can use out in the shop, because the 
laberatory furnace will not give the same results as the shop 
furnace, so it is simply a matter of establishing your minimum 
qualifications over a period of time in order to hit all these 
variables that we have no control of. You cannot get your fin- 
gers on them so I just want to caution you not to try to 
establish one line and say, that is it, and try to use it. It will 
not work. 

Mr. Renper: At the end of the paper I pointed out that my 
mind is completely open on this subject. I have had these data 
for some years and have been using the results in my own work. 
I was hesitant about publishing it, but finally concluded that 
probably more good than harm would be done because then 
more data would be gathered and we could arrive at some 
conclusion as to just how far this is applicable. The point was 
made that it is unwise to base plant practice on laboratory 
results on laboratory-made irons. 1 agree with that most heart- 
ily. Experimental points have to be obtained under the condi- 
tions that will obtain which are the commercial conditions. 

In the case of a certain foundry melting by the cupola-air 
furnace duplex process, test bars are poured every hour and 
stored. Periodically the stock is examined and bars with similar 
carbon contents, but with differing silicon contents, are selected. 
rhe minimum first stage annealing time is determined for each 
of these bars and the results plotted as log silicon content vs 
log time in hours for first stage graphitization. Needless to say, 
the bars are all the same size and shape. Over a period of sev- 
eral months the points thus found and plotted have fallen on the 
same straight line within the limits of error of the determina- 
tions. Although the annealing times are determined in a labora- 
tory furnace, there is obviously here a measurement of anneal- 
ability vs silicon content, other conditions constant within com- 


mercial limits. 


® Metallurgist, National Malleable & Steel Castings Co., Cleveland. 
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MODERN FOUNDRY CORE AND MOLD OVENS 


By 


Charles A. Barnett * 


ABSTRACT 
The author presents a comprehensive profusely illustrated dis- 
cussion of modern foundry core and mold ovens. Properly se- 
lected core baking and mold drying equipment is essential in the 
present day foundry to minimize casting losses, to increase output 
of castings, to economize on core oven fuels, labor, materials and 
to make more effective use of valuable floor space. 


Most OF THE REVOLUTIONARY CHANGES in found- 
ry practice of recent years have been in the direction 
of removing many of the variables that are peculiar to 
the foundry industry. Controlled foundry operation 
has eliminated many of the uncertainties that have 
been responsible for casting rejects. —The removal of 
these preventable losses has served to improve quality, 
increase output, lower casting production costs, and 
has accordingly resulted in an important source of 
profit in the successful operation of the present day 
foundry. 

In the expansion of foundry capacity during the past 
few years increasing difficulty has been experienced in 
obtaining the right kind of help. Under these condi- 
tions elimination of all possible variables and uncer- 
tainties has become of paramount importance and in 
a highly competitive phase of the industry may repre- 
sent the difference between the foundry operating at a 
profit or at a loss. 

The core department now occupies an important 
position in the successful operation of the modern 
foundry. With increasing complication in the design 
of castings calling for the use of more and more cores, 
the core department is generally responsible for a sub- 
stantial portion of the total cost of the mold. For ex- 
ample, in the production of Diesel, tractor and auto- 
motive engine castings, the mold frequently consists of 
a fairly simple cavity filled with a complex core as- 
sembly. 

In some types of casting production approximately 
1 lb of cores must be baked for every pound of finished 
castings. In foundries using dry sand practice in which 
the molds are made from core sand mix, the ratio of 
sand to be baked to the weight of finished castings is 
much higher. Even in types of foundry operation 
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where there may be as little as 14 lb or less of core sand 
for every pound of finished castings, the core depart- 
ment is responsible for an important share of the over- 
all production cost. 

Practically every class of foundry production has its 
own requirements with respect to the characteristics of 
the cores required for the work, and it is beyond the 
scope of this paper to attempt to discuss the merits or 
shortcomings of the various types of core binders which 
are available to the foundry industry today. 

Having made the selection of proper sands and 
binders for the job and the correct proportions estab- 
lished, suitable supervision and proper equipment 
should provide a core mix of controllable characteris- 
tics. However, no matter how carefully the ingredients 
are selected and mixed, and regardless of the core- 
makers’ skill in making the cores accurately from first 
class core box equipment, there still remains the im- 
portant problem of baking these cores properly in 
order to have finished cores of uniform characteristics 
that can be duplicated day in and day out. 


Some Core Baking Test Results 


Figure 1* shows the results of test cores of two dif- 
ferent oil-sand mixes baked at 450 F. The proportions 
of the ingredients were the same in both cases except 
that different makes of oil binders were used. 

Figure 2* shows the effect of different baking tem- 
peratures on straight oil-sand mixes of the same com- 
position as used in the preceding tests. In each case 
the baking tests were run at 400, 450 and 500 F respec- 
tively. The wide variation in the resulting tensile 
strength clearly demonstrates the importance of select- 
ing and controlling the best baking temperature for 
the type of core mix being used. This point is vitally 
important in the case of synthetic resin binders which 
are highly sensitive to temperature and lose strength 
rapidly if the critical temperature is exceeded even by 
a few degrees. Most of these binders give best results 
at somewhat lower temperatures than do the oil bind- 
ers, and consequently cannot be handled at all in old 


* Courtesy Geo. M. Zabel, General Superintendent Foundries, 
Fairbanks, Morse & Co., Beloit, Wisc. 
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Fig. 1—Curves showing core oil comparison test re- 
sults; dry tensile strength vs baking time for two core 
oils. 
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Fig. 2—Curves showing baking temperature compari- 
son test results; effects of temperature on dry tensile 
strength for two core oils. 
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Fig. 3—Curves showing temperature distribution in 
oven with line gas burners. 


style ovens having wide temperature variations. 

Since the curves show the. results obtained with test 
cores of uniform cross section, it is obvious that in 
baking cores of varying cross sections the best baking 
temperature to be selected and maintained will like- 
wise be the safe temperature. Where both large and 
small cores are to be baked together or where cores 
have both heavy and light sections, it is important to 
select a temperature which will enable the heavy por- 
tions of the work to be properly baked within a rea- 
sonable time limit without causing the light sections, 
thin projections and edges to become overbaked or 
burned. In other words, unless the cores are baked 
properly all the attention and skill devoted to the other 
details in the entire department are lost. 


Temperature Variations in Core Baking Ovens 


Figure 2 further illustrates the results that take place 
in baking cores having a temperature variation of plus 
or minus 50 F. There are still literally thousands of 
core ovens in use today in which the variations in tem- 
peratures in various parts of the oven chamber may be 
as large as plus or minus 200 F. In using ovens of this 
type, the oven tender must rely on his experience as to 
where to place various cores in order to cater to the 
particular temperature characteristics of the oven. The 
author has visited foundries in which ovens of this 
type were used where it was necessary to shut down the 
foundry and send the men home because the oven 
tender was absent from his job. 

Among the worst offenders with regard to extreme 
temperature variations are the old time coke-fired 
ovens and the poorly designed oil-fired ovens with in- 
adequate combustion chamber capacity and little or 
no provision for diffusing or tempering the products 
of combustion before reaching the baking chamber. 

Although gas-fired ovens equipped with line burners 
located inside the oven chamber permit better results 
than some of the aforementioned coke and oil-fired 
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designs, the results obtainable with line burners still 
leave much to be desired. Figure 3 shows the tempera- 
ture distribution in a conventional rack-type oven of 
double rack capacity in which 12 thermocouples were 
placed in various locations. This oven had automatic 
temperature control equipment to regulate the burn- 
ers and although the control setting was 450 F, the 
variations in temperature as indicated by the various 
thermocouple locations was nearly plus or minus 100 F. 

To meet the present day need of dependable con- 
trol, accurate, uniform and safe temperatures through- 
out the baking chamber, rapid heating-up and fast 
baking, the application of the convection or recirculat- 
ing heating systems has been one of the most important 
developments in core and mold oven design. 

In modern recirculating heating systems large vol- 
umes of air are used to transfer the heat from the com- 
bustion source to the work with as low a temperature 
differential as practical. The combination of large air 
volume, high air turbulence and frequent air change 
enables all of the exposed surfaces of the cores in the 
oven chamber to receive the same treatment and re- 
sults in a speed of heat transmission and uniformity 
of temperature distribution which until relatively a 
few years ago were unknown in the foundry industry. 


Recirculating Heating Systems 


Modern core and mold ovens are now being built 
with recirculating heating systems for operation with 
oil, gas and coal. These fuels are suitable for auto- 
matic firing and automatic temperature control. For 
many years coke was a common core oven fuel but 
has lost favor because of increasing cost, and the un- 
avoidable personal element. This fuel cannot be fed 
mechanically and, therefore, is not too adaptable to 
recirculating heating systems which are dependent on 
automatic control for their successful application to 
core baking and mold drying service. The principle 
of operation is practically the same regardless of the 


Fig. 4—Sectional view of external air heater showing 
combustion chamber and diffusion or tempering zone. 
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Fig. 5—Oven cross-section showing temperature distri- 
bution in oven with external recirculating heating 
system. 
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fuel, whether it be gas, oil or coal. The heat is devel- 
oped in a heater which consists basically of a combus- 
tion chamber and a diffusion or tempering chamber in 
which the products of combustion are mixed with 
recirculated air from the oven and such auxiliary fresh 
air as is required (Fig. 4). The resulting mixture of 
air and gases at a controlled maximum temperature 





are then delivered to the oven chamber by means of a 
fan or blower of suitable design. A system of duct 
work is used to distribute the air mixture uniformly 
throughout the oven. 

Figure 5 shows the results of thermocouple tests on 
the temperature distribution in a rack-type core oven 
heated by an external air heater. The uniformity of 
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air temperature throughout the oven is clearly shown. 
The temperature variation is about plus or minus 10 F 
as contrasted to the 100 F variation in the case of the 
oven equipped with line burners. 

Figure 6 shows the fuels most commonly used in core 
and mold oven service. Although for the reasons above 
outlined, the use of coke is not adaptable to con- 
trolled core baking and mold drying, the cost of this 
fuel has been charted for purposes of comparison. It 
is to be remembered that the curves show the compara- 
tive available heat per unit of cost exclusive of labor 













Fig. 7—Remote stoker-fired air heater 
and recirculating fan. 
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Fig. 6—Fuels for core and mold oven service; Btu for one cent vs fuel cost. 


or fixed charges against storage and conversion facili- 
ties. The latter apply particularly to such fuels as 
propane or butane purchased in liquid form. 

Gas is almost the ideal fuel for a number of reasons. 
As the cost of gas has been lowered, and particularly 
since distribution of natural gas has made this fuel 
available in so many areas, gas has become more and 
more widely used for core oven service. In localities 
where, because of increased domestic demand during 
the winter months, industrial users may have their gas 
supply shut off on short notice, it is advisable to have 


Courtesy Birdsboro Steel Foundry & Machine Co. 





Fig. 8—Stoker-fired recirculating heating system 
using anthracite coal. 
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combination burner equipment that will permit rapid 
changeover to oil or some other fuel without loss of 
production. 

Oil is a satisfactory fuel for core and mold oven 
service. The lighter oils are easier to burn but have 
less heating value than the heavier, cheaper fuel oil. 
With suitable preheating equipment the heavy fuel 
oils can be satisfactorily used in modern core and 
mold oven heating systems. 

With the development of efficient, dependable stoker 
equipment, coal may now be used economically and 
satisfactorily on core and mold oven service. The 
heaters must be designed to permit thorough diffusion 
of the products of combustion and to provide for pre- 
cipitation of most of the fly ash before the gases enter 
the oven duct system. The author has repeatedly ap- 
plied the use of common bituminous stoker coals to 
core and mold ovens, including continuous core oven 
installations. In many of these, it is difficult to tell 
from the color and cleanliness of the work whether the 
cores had been baked with coal or with gas. Both re- 
mote (Fig. 7) and adjacent (Fig. 8) heater locations 
are feasible. 

Where electricity may be purchased at a sufficiently 
low rate, electrically heated convection recirculating 
heating systems can provide thoroughly satisfactory 
operating results. 


Dielectric Heating Ovens 


The most recent innovation in the use of electricity 
for corebaking is radio-frequency, or dielectric heating. 
In this process, the material to be heated is placed be- 
tween two electrodes charged with radio energy pulsat- 
ing at several million cycles per second. The mole- 
cules of the material are highly agitated, and the fric- 
tion of their movement heats the material uniformly 
from the inside out (Fig. 9). The entire process, as 
applied to corebaking, depends on the use of low 
temperature thermo-setting synthetic resin core bind- 
ers. These binders set up in a matter of minutes at 
temperatures in the neighborhood of 250 F. 









Dielectric heating has been successfully applied to 
the manufacture of such goods as plastics, rubber pro4- 
ucts, wood products, textiles, and other commoditis. 
Dielectric corebaking, at its present stage of develop- 
ment, however, seems to be limited to very special 
applications. High initial and operating costs, lack of 
flexibility, and limitations as to binders, dryers, and 
wires offset the advantage of very rapid core drying and 
curing. For these reasons, at least one of the leading 
manufacturers of radio frequency heating equipment 
considers that dielectric core baking is not economical- 
ly feasible.* 

The chief consideration is cost. Cores are baked and 
molds are dried only to be used once and are destroyed 
in accomplishing their purpose. They are not of them- 
selves commodities made for sale at a profit. They 
should accordingly be produced at the lowest possible 
cost. The fuel obtainable at lowest overall cost that 
will satisfactorily do the job is the fuel to be selected. 


Mechanical Exhaust Equipment 


In the modern core or mold oven mechanical ex- 
haust equipment is an integral part of the entire in- 
stallation. Positive ventilation regardless of weather 
conditions is thereby assured. A mechanical exhaust 
unit of proper design tied in with a time-delay relay 
serves further to safeguard the gas or oil-fired equip- 
ment by providing a predetermined ventilating period 
to thoroughly purge the oven of any accumulated gases 
before the burner may be ignited. Mechanical exhaust 
systems further serve to “smoke-off” the cores before 
they are pulled from the oven and, therefore, produce 
better working conditions in the adjoining areas. 

Among the various types of modern core and mold 
ovens grouped according to the method of the han- 
dling of the work are the following classifications: 
shelf ovens, drawer-type ovens, portable rack-type 
ovens, Car-type ovens and conveyor-type ovens. 


*B. T. P. Kinn, “Practical Economics of Radio Frequency 
Heating,” Iron Age, June 10, 1948, pp. 72-79. 











Fig. 9—Drawing of 60 kw dielectric oven showing elevation in part section. 


Courtesy General Electric Co. 
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Courtesy Ornamental Fabricators, Inc. 
Fig. 10—Shelf-type core oven. 


Shelf Ovens 

Shelf type ovens form perhaps the simplest type of 
oven construction and are generally limited to the 
baking of small and medium cores. The core plates 
on which the cores are loaded are placed directly in 
the ovens on shelves (Fig. 10). In opening the oven 
doors to load the shelves, considerable heat escapes 
and the oven tender is exposed to a rush of gases from 
the oven chamber. This type of oven is wasteful of 
fuel and should not be selected except for limited re- 
quirements. 


Courtesy Cleveland Brass Mfg. Co. 


Note stacked 


Fig. 11—Rolling drawer core ovens. 
driers for very small delicate cores. 
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Fig. 13—Typical coreroom layout for rolling drawer 
core ovens. 


Drawer-Type Ovens 

In modern drawer type core ovens the ovens are 
built to permit one or more drawers to be withdrawn 
at one time for loading or unloading. The drawers are 
equipped with rear closing plates to prevent the escape 
of heat and gases when the drawers are withdrawn. 
An arrangement of differential rollers, requiring no 
lubrication, supports the drawers inside the oven. The 
front ends of the drawers are carried by an overhead 
trolley or drawer puller having ball bearing wheels, and 
equipped with selective operating handles (Fig. 11). 





Courtesy General Magnetic Co. 


Fig. 12—Rolling drawer core ovens baking core molds 
for alnico magnets. 








































Courtesy Crucible Steel Castings Co. 


Fig. 14—Portable vack operation in steel foundry core- 
room. 





Courtesy Peltivune-.tuilinen Co, 


Fig. 15—Battery of six rack-type core ovens. Power 
lift truck used to transport racks. 


The drawers can be loaded conveniently in the 
open and the core baking area can, therefore, be uti- 
lized effectively. Ovens of this type are particularly 
adaptable to small and medium cores. For efficient 
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Fig. 16—Typical layout of coreroom with portable 
rack-type core ovens. 


operation a size of core plate should be selected which 
will best fit the oven drawer size, or vice versa. 

The mechanical construction and design must pro- 
vide smooth operation free from vibration, so that 
delicate cores can be handled without danger of break- 
age or distortion (Fig. 12). 

From the standpoint of production for the amount 
of floor space occupied, except for a vertical continu- 
ous core oven, a well designed drawer type oven pro- 
vides the most efficient means for baking small cores. 

A limitation in the use of ovens of this type is the 
necessity of transportation of the cores from the core 
makers to the ovens, or at least to set-off shelves. Where 
the core makers can be grouped relatively close to the 
ovens or to set-off shelves the matter of transportation 
labor may be of secondary importance (Fig. 13). 
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Fig. 17—Typical layout of coreroom with portable rack-type core ovens. 
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Courtesy Elyria Foundry Division, Industrial Brown-Hoist, Inc. 


Fig. 18—Car-type core oven with counter-balanced ver- 
tical lift door. 


Portable-Rack-Type Ovens 


In many foundries the matter of transportation of 
the cores from the core makers to the ovens and from 
the ovens to finishing operations or storage, is a very 
important item. The portable rack system of opera- 
tion affords the means for reducing this transportation 
cost. The cores are loaded directly on to steel racks by 
the core makers and the loaded racks are then moved 
by elevating platform trucks of either the hand or 
power operated types to the core ovens, as shown in 
Fig. 14 and 15. 

One of the disadvantages of this method of opera- 
tion is the amount of walking and carrying that the 
core maker must do to dispose of his work. The upper 
and lower shelves are more difficult to load than the 
center ones and, therefore, the fatigue factor on the 
part of the core makers is much higher than if the 
work could be loaded at a uniform level. 

While portable rack type ovens have been built to 
hold as many as six or eight racks in one compart- 
ment, it has been the author’s experience that one or 
two racks per compartment provide the best results. 
It should be kept in mind that in the case of single 
rack capacity ovens, the oven tender or trucker does 
not have to enter a hot oven chamber. Figures 16 and 
17 show typical arrangements of core makers and rack 
type ovens. 
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Car-Type Ovens 


For large core work or dry sand mold work, car type 
ovens (Fig. 18) are generally essential, unless continu- 
ous equipment is warranted by the circumstances. Due 
to the size of the work handled, the greater part of the 
day may be required to complete the loading of the cars 
which are then moved into the oven at the end of the 
day and the charge baked overnight. Where the 
foundry operates on a multiple shift basis, and the 
nature of the work permits faster baking, there, of 
course, may be two or more charges per oven during 
the daily working periods. 











Courtesy Farrel-Birmingham Co., Inc. 
Fig. 19—Telescoping-type, motor-operated vertical lift 
doors. 

















Courtesy Cooper-Bessemer Corp. 


Fig. 20—Large car-type mold oven equipped with 
double folding or “jack-knife” doors. 
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It would be well at this point to review briefly the 
subject of dry sand molding practice. Many gray iron 
shops and most steel foundries are equipped with mold 
ovens for producing dry sand molds. Without going 
into detail as to the relative merits and costs of green 
sand versus dry sand practice, there are certain classes 
of work where dry sand practice is either essential or 
desirable. Dry sand molds produce castings with 
smoother surfaces. Cleaning costs are reduced. ‘There 
is less hazard in getting good castings and a more ad- 
vantageous use is made of unskilled labor. Castings 
produced in dry sand molds are more true to pattern 
and are therefore easier and less costly to machine. 
Another advantage claimed for gray iron casting made 
in dry sand mold is incfeased life of cutting tools used 
in machining. 

Iligh speed skin drying of molds in car-type ovens 
is a short-cut to securing most of the advantages of a 
thoroughly dried mold and eliminates the variables o! 
torch or other open flame drying methods. In ovens 
designed for this type of work the heated air is directed 
onto the critical mold surface by means of high veloc- 
ity nozzles. Molds are skin-dried to a depth of from 14 
in. to 2 in. depending on the type of casting. The ad- 
vantages of high speed mold drying over conventional 
dry sand practice include high turnover of flasks, and 
reduction of drying cycles to a fraction of those re- 
quired to dry a mold all the way through. 

What has been said in reference to modern heating 
methods for core baking applies also in a large extent 
to mold drying particularly when organic binders are 
used in the mold. The uniform application of heated 
air under controlled conditions reduces to a minimum 
the human element in charging and firing the ovens 
and in the drying of the molds. This is another way 
of eliminating variables from the operation of the 
foundry and improving the quality of the castings. 

In car-type as well as portable rack-type ovens, the 
door construction and operation is important. Vertical 
lift-type, counter-balanced, insulated doors equipped 
with motor operated units in combination with roller 
bearing sheaves provide easy and rapid operation. 
Through gear reduction units these doors may also be 
hand operated. 

Where sufficient head room is available, vertical lift 
doors should be selected to save fuel, floor space and 
labor. Hinged-type doors require a suitable clear area 
in front of the oven to permit full opening. Unless the 
cars can be moved beyond the doors, loading is serious- 
ly handicapped. 


Where limited head room exists, a “telescoping” 
type of door may be used. Through the selection of 
drums of suitable diameter the lower half of the door is 
operated at twice the speed of the upper section so 
that both parts reach the full open position at the 
same time (Fig. 19). 

Frequently neither of these two designs can be ac- 
commodated because of physical limitations or other 
conditions, and hinged doors must be resorted to. For 
the large oven openings, double folding doors can be 
used to partly overcome some of the disadvantages of 
conventional hinged doors (Fig. 20). 
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Pit-Type Ovens 


Although pit-type core and mold ovens are used in 
some heavy gray iron and steel foundries their applic i- 
tion has been rather limited. The pit-type oven c:n 
be loaded directly, thereby eliminating the need of 


additional loading and unloading area, normally 1c- ° 


quired for car-type oven operation. 

For core and core mold baking the interior walls of 
the pit-type oven are built with a series of offsets for 
supporting steel cross members which in turn carry 
the loads. Heat is applied by a recirculating-type heat- 
ing system arranged to discharge the heated air under 





Fig. 21—Cross-section of typical vertical core oven. 
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Fig. 22—Baking and cooling of test core in vertical 
core oven; temperature vs time plot of thermocouple 
tests. 
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the load. In some pipe foundries the molds are set fq 


vertically on a perforated grid floor wherein the space 
under the grid floor forms a plenum chamber for dis- 
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The pit-type oven can be built partly above and 
partly below floor level or entirely below floor level. 
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type insulated steel sections equipped with eyes for 
crane handling. The recirculating type heating equip- 
ment can either be located in a pit adjoining the oven 
or remotely—wherever space is available. In the case 
of remotely located heating systems, suitable tunnels 
must be provided for the duct work between the oven UNLOAD 
and the heating equipment. 
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Courtesy Hamilton Foundry & Machine Co. 
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Fig. 23—Vertical core oven installation showing core- 
makers located around three sides of oven; unloading Fig. 24—Typical arrangement of coremakers around 
in center foreground. vertical core oven. 









Courtesy Cleveland Foundry Co. 


Fig. 25—Auxiliary belt conveyor for delivering cores 


to loading station of vertical core oven. 
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Courtesy Ferro Machine & Foundry, Inc, 


Fig. 27—Portion of mechanized coreroom served by 
vertical core ovens, with coremaking operations in 
foreground. 


Conveyor Ovens 


The development of conveyorized ovens of various 
types and sizes to suit a wide range of operating condi- 
tions no longer places this type of continuous core 
baking and drying equipment in a class previously 
associated with large scale production. The pace-set- 
ting feature obtained with conveyorized ovens is only 
one of the many important advantages that equipment 
of this type provides. 
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Fig. 26—Layout of automotive foundry coreroom; 1-4, vertical core ovens; 5-6, horizontal redry ovens; 
7-12, portable rack-type core ovens. 
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Courtesy Wells Manufacturing Co. 


Fig. 28—Gravity roller conveyors used as finishing 
tables at unload station of vertical core oven. 


All modern continuous core baking and drying 
ovens are heated by means of full convection type re- 
circulating heating systems. Fuel under complete auto- 
matic control may be either gas, oil, coal or electric 
heat. The location of the air heater is a function of 
the particular design. In some types it is an integral 
part of the construction; in others it is external of the 
oven. 

Conveyorized ovens can be divided essentially into 
two classes: vertical, constituting the straight vertical 
and the combination vertical or “L” type ovens and 
horizontal continuous ovens sub-divided into the single 
strand or monorail, the double strand, and the flight 
conveyor types. Various modifications of each can be 
obtained to suit the particular conditions or require- 
ments. 


Vertical Ovens 


Conservation of floor space is one of the principal 
advantages of vertical conveyor ovens. Vertical ovens 
may be obtained in a wide range of capacities and 
sizes. In comparison with other types of core baking 
equipment, vertical ovens produce a far higher quanti- 
ty of cores per square foot of floor space occupied. 

Figure 21 shows a cross-section through a vertical 
oven in which 75 per cent of the conveyor travel with- 
in the oven enclosure is in the baking zone and the 
remaining 25 per cent is in the forced cooling zone. 
The recirculating air heater is usually gas or oil-fired, 
and located between the two conveyor passes above 
the center passage aisle. 

The products of combustion are tempered by the 
recirculated air in a diffusion chamber above the pri- 
mary combustion chamber, and the mixture is then 
discharged by the recirculating fan to a central dis- 
tributing plenum chamber. The plenum chamber is 
equipped with a series of adjustable ports arranged to 
distribute the heated air across the moving carriers. 
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Forced air cooling in the lower section of the de- 
scending conveyor pass provides complete “‘smoke-oft”’ 
of the cores and cools the work so that it can be com- 
fortably handled at the unload station. A portion of 
this air, in cooling the cores, attains a substantially 
high temperature. This heat is recovered by introduc- 
ing this “cooling air” into the recirculating system as 
preheated make-up air for oxidizing the core binder. 
This recuperative cooling feature results in a consider- 
able saving of fuel. The remaining portion of the 
cooling air is discharged to the atmosphere by a sep- 
arate exhaust fan. 

Figure 22 shows the relation between oven, core sur- 
face and core center temperatures of a test core run 
through a vertical oven. An interesting point in refer- 
ence to the curves is that while the surface temperature 
of the core drops rapidly upon leaving the baking 
zone, the center of the core reaches its maximum tem- 
perature approximately 30 minutes later, indicating 
that conduction of heat toward the center takes place 
while the surface is being cooled. Therefore, it is ap- 
parent that it is not necessary to continue the heating 
cycle until the core is thoroughly penetrated, since the 
core continues to bake at the center even while the 
surface is being cooled. 

Figure 23 shows one method of grouping coremakers 
around three sides of the vertical oven. The center 
aisle construction which is available in some types of 
vertical ovens permits loading from either side of the 
moving carriers so that each coremaker has a favorable 
position with respect to loading of his work. A plan 
view of such an arrangement is shown in Fig. 24. 

Where a vertical oven serves a large number of core- 
makers, an auxiliary conveyor can be provided to con- 
vey the cores from the coremakers to the oven. The 
auxiliary conveyor can be of the pendant or monorail 
type, or the slider belt arrangement illustrated by Fig. 
25. 

In highly mechanized, high production foundries, 
particularly in the automotive and similar fields, cores 











Courtesy Barnes Manufacturing Co. 


Fig. 29—Gravity rollers used as finishing tables after 
cores are unloaded from vertical core oven. 
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Courtesy Ferro Machine & Foundry, Inc. 


Fig. 30—Multifloor vertical core oven installation. Left to right—loading cores 
at second floor level; section through oven; unloading and finishing on first floor. 


of widely varying size and mass must be produced on 
precise schedules. Batteries of vertical ovens, each 
oven handling cores of similar baking time require- 
ments, offer an efficient solution to this problem. Fig- 
ure 26 shows an automotive foundry core room layout 
with four vertical ovens. Another highly mechanized 
core room is seen in Fig. 27. 

At the unload station of the vertical oven the cores 
are usually placed on gravity roller conveyors (Fig. 28 
and 29) or on a series of portable or stationary set-off 
shelves for further finishing operations. 

The vertical-type oven is adaptable to multi-floor 
operations. Where core making is on the second floor, 
and finishing and storage are on the floor below, the 
conveyor can be extended to the lower level, thereby 
eliminating the need of auxiliary equipment and sub- 
sequent addtional handling. Figure 30 shows a typical 
multi-floor vertical oven installation. Dryers remain 
on the upgoing carriers for return to the coremakers. 
Figure 31 shows a vertical oven being loaded on the 
upper floor by means of an auxiliary belt conveyor. 
Cores are unloaded on the floor below. 

The conveyor movement can be continuous or in- 
termittent in operation. Where continuous chain 
travel is employed, the desired flexibility in cycles is 
obtained through a variable speed control unit. Inter- 
mittent chain travel provides fixed stop and travel 
periods obtainable through a limit switch and a re- 
peating adjustable timing device. Continuous chain 
travel is almost universally used for a lighter class of 
work, whereas intermittent chain travel is used on 
heavy classes of work which require definite periods of 
time for loading and unloading. 

Figure 32 shows the lower section of a vertical oven 
for a heavy class of work employing intermittent con- 
veyor operation and partially automatic load and un- 
load. 

Besides being used for core baking, vertical ovens 
are used for re-drying of baked cores after washing or 
blacking and for drying of pasted core assemblies. 


In addition to savings in floor space, other advan- 
tages of the vertical ovens of well engineered design 
are: Quick turnover of plates and dryers, ideal work- 
ing conditions because of the natural tendency for the 
heat, fumes and gases to rise within the oven enclosure, 
reduction in the amount of indirect labor, increased 
productivity, and consistently uniformly baked high 
quality cores. Manual attention and guesswork are 
completely eliminated by the fixed baking cycle. 








Courtesy Lynchburg Foundry Co. 


Fig. 31—Delivery of green cores on second floor to ver- 
tical core oven with unloading station on first floor. 
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Courtesy Cincinnati Milling Machine Co. 


Fig. 32—Semi-automatic loading and unloading of vertical core oven handling heavy work. 
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Fig. 33—Typical layout of single strand horizontal core oven and conveyor installation. 
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Fig. 34—Single strand horizontal core ovens showing upper level discharge end of conveyor with extended 


cool 








Fig. 35—Single strand horizontal core ovens. 


Combination Vertical And Horizontal Ovens 


The combination vertical and horizontal oven is a 
modification and embodies most of the fundamental 
features of design of the straight vertical oven. The 
choice of this type oven is contingent upon purely 
physical limitations, such as bad soil conditions which 
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Courtesy International Harvester Co. 


ing travel. 
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» 
make it necessary to distribute the weight over a series } 
of columns; restricted clearance conditions, principally : 
to avoid interference with crane movement over the { 


oven location. Where conventional vertical oven de- 
sign may be followed, there are a number of advan- 
tages over the combination vertical-horizontal arrange- 
ment. 
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Courtesy Minneapolis-Moline Co. 


36—Single strand horizontal core oven. Note slight incline of conveyor loading line passing behind 


coremakers in foreground. 


Courtesy Crouse-Hinds Co 


Fig. 36—Entrance ramp of single horizontal oven. 
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Single Strand Horizontal Ovens 


Although single strand horizontal type ovens are 
generally associated with large production foundries, 
numerous installations have also been made in small 
production shops. 

The inherent flexibility of the single strand design 
of conveyor systems provide desirable features which 
under some operating conditions offer certain advan- 
tages. The single strand horizontal oven can be built 
with one or more conveyor passes, depending upon the 
production requirements and space limitations. 

In addition to the usual baking zone, the modern 
horizontal oven incorporates a forced cooling zone 
which represents approximately 50 per cent of the 
length of the baking zone. The heating equipment, 
which is usually of the external type, can either be 
located on platforms above, at one side, at the ends, 
or at floor level below the oven. 

Figure 33 shows the layout of a modern 3-pass single 
strand horizontal oven. Two passes in the oven consti- 
tute the baking zone and the third pass is devoted to 
the forced cooling zone. The conveyor loading line 
runs between two rows of coremakers at a gradual in- 
cline so that as the carriers move past the various sta- 
tions each operator has a favorable loading level. 
Similarly the conveyor at the unload station is also 
pitched so that the lower shelves can be unloaded first, 
followed by the upper shelves, as the conveyor moves 
along the decline. 

In addition to the forced cooling zone in the oven, 
additional “open air” cooling is easily obtainable 
merely by lengthening the conveyor between its exit 
from the oven and the unload station, Fig. 34. In- 
asmuch as the cost of extending the conveyor between 
these two points is relatively low in comparison with 
the total expenditure, the additional cooling provided 
permits immediate trimming and finishing of the cores 
as they are unloaded. 

Because of the flexibility of the conveyor system, 
which can move either in the horizontal or vertical 
plane outside of the oven, loading and unloading sta- 
tions can be located in the most advantageous posi- 
tions. The conveyor loading line can be arranged ef- 
ficiently to serve any number of coremakers. On high 
specialized production the conveyor between the un- 
load and load stations may be used to return plates 
and dryers to the coremakers. 

Figure 35 shows a battery of single strand horizontal 
ovens in a large automotive foundry. Note that the 
coremakers are placed at the sides of the oven and the 
conveyor loading line is located under the oven. Core- 
makers located adjacent to the conveyor loading line of 
a single strand over are shown by Fig. 36. 

Modern horizontal ovens are designed with an in- 
cline to the baking zone which forms a natural heat 
seal arrangement thereby preventing escape of fumes 
and gases to the core room, with the result that good 
working conditions may be maintained (Fig. 37). 

In comparing the vertical design with horizontal 
ovens, the chief advantages of the single strand hori- 
zontal oven are: The elimination of indirect labor in 
loading on large production requirements and longer 
cooling periods by reason of the exposed conveyor 
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travel to the unloading station. Offsetting these a.i- 
vantages are greater floor space requirements, high: r 
investment in plates and dryers and greater mainte:)- 
ance cost of the conveyor equipment. 


Double Strand Horizontal Ovens 


The double strand type of horizontal conveyor ove in 
has as its chief claim, lower initial cost, but, because 
of the many shortcomings of this design, it has not 
found extensive favor. 

Essentially this type of oven consists of two matched 
strands of continuous chain from which the carriers 
are suspended, and can be visualized as a vertical oven 
transposed to a horizontal position with the lower con- 
veyor pass exposed for loading and unloading. Figure 
38 shows a typical oven of this design. 

Because the rails on which the chain roller ride must 
be located relatively low in order that top shelf of the 
carrier is at a convenient loading height, the core- 
makers must stoop under the rails in order to load the 
center of the carrier. The coremakers must also walk 
between the moving carriers from their benches or 
blowers in order to load their work on the carrier 
shelves. 

These disadvantages of the double strand horizontal 
oven are the principal reasons why there are relatively 
few remaining installations of this type in the foundry 
industry. 


Flight-Conveyor-Type Horizontal Ovens 


The flight-conveyor-type horizontal oven is used 
principally for drying washed and pasted cores and re- 
drying of complete core assemblies. Figure 39 illus- 
trates typical flight-conveyor-type horizontal ovens. 

With modern recirculating heating systems relative- 
ly fast drying cycles, ranging from 8 to 15 minutes for 
wash drying, and up to 30 minutes for re-drying core 
assemblies, are common practice. The conveyors are 
equipped with variable speed drives so that conveyor 
travel may be adjusted to best suit the particular re- 
quirements. 


High-Speed Continuous Mold Drying Ovens 


The recent development of high-speed continuous 
mold drying has helped to radically change foundry 
practice in a number of foundries. Molds previously 
requiring an overnight dry in batch-type ovens are 
now being economically dried in a fraction of the 
time and cost and the results have been equal to those 
of thoroughly dried molds. 

Molds varying in weight from a few hundred pounds 
to 25,000 lb are skin dried in continuous equipment 
of this type at cycles from 20 min to 3 hr including 
cooling time. This “skin” drying may vary from a 
fraction of an inch up to 2 in, in depth from the sur- 
face of the mold. The outstanding advantage result- 
ing from high-speed continuous-mold drying is the 
saving of a complete day in flask turnover because the 
mold is poured the same day it is made. In batch- 
type operations overnight baking necessitates pour- 
ing the mold on the following day. 

Basically, equipment of this type consists of a flight- 
type conveyor passing through an insulated enclosure 
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Fig. 38—Double strand type horizontal conveyor core Fig. 39—Horizontal flight conveyor redry oven with 
oven. gas-fired recirculating heating system. 


























Courtesy Cincinnati Milling Machine Co. 


Fig. 40—High speed horizontal continuous mold drying ovens. 
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Courtesy Worthington Pump & Machinery Corp. 


Fig. 41—High speed horizontal continuous mold dry- 
ing oven with double conveyors. 


housing the drying zone and then through a sheet 
metal enclosure which forms the forced cooling sec- 
tion of the oven. 

Heated air at controlled temperatures of 600 to 800 F, 
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depending upon the size and shape of the work, is 
discharged vertically downward through a stagger: d 
arrangement of high-velocity nozzles which provide a 
thorough wiping action over the entire surface of t)ie 
mold. Cooling takes place almost immediately as tlie 
mold leaves the drying zone so that on being dis- 
charged at exit of the oven the mold is ready to be 
cored and poured. 

Figure 40 shows the entry end of a battery of high 
speed continuous mold drying ovens in the foundry 
of a leading machine tool company. Figure 41 shows 
a high speed continuous mold drying oven installed 
in the foundry of a well known pump and engine 
company. 

An arrangement of limit switches stops ‘the conveyor 
drive if molds are not properly placed on the con- 
veyor. Because this type of oven is not self-sealing, an 
air curtain is used to prevent heat spill at the entrance. 

In addition to the advantages mentioned above, the 
use of high speed continuous mold drying ovens re- 
moves all risks connected with green sand molding 
practice, assures steady production of good smooth- 
finish castings, produces dry sand results, thus reduc- 
ing cleaning costs, effecting savings in labor and fuel 
costs, providing easier shakeout and improving work- 
ing conditions since the molds are cooled before leav- 
ing the ovens. 


Courtesy Cooper-Bessemer Corp. 


Fig. 42—Recirculating portable mold drying unit applied to cope and drag of large mold. 
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Portable Mold Dryers 


For pit molds and large floor molds which cannot be 
handled either in batch or continuous type equip- 
ment, the portable mold dryer is a means of obtaining 
the advantages of dry sand molds. These units, built 
for convenient crane handling, consist of a compact 
recirculating air heater and fan, with automatic tem- 
perature control equipment. Units may be either gas 
or oil fired. Figure 42 illustrates the mold dryer in 
operation. The heated air is delivered to the interior 
of the mold through one or more of the riser openings, 
and corresponding connections return recirculated air 
to the heater. After molds are cored and closed, the 
portable mold dryer may also be used to prevent con- 
densation of moisture. Heated air is circulated through 
the mold until just before it is poured. 


Maintenance 


To say that the modern core oven is far more com- 
plex than the old brick box with a coke fire in one 
corner is perhaps an understatement. Nevertheless, 
modern ovens with their automatic burners, fans, con- 
veyor systems, and other mechanical equipment and 
necessary circuits of electrical devices, have been de- 
veloped solely for the purpose of producing better 
cores and molds more consistently, and at less cost 
than the equipment and methods they have replaced. 
Therefore, a word of caution should be given in re- 
gard to maintenance, and particularly preventative 
maintenance, of modern core baking and mold drying 
equipment. 

An effective preventative maintenance program, in- 
cluding periodic inspection, lubrication, etc., will 
eliminate “down time’’ which is the most costly single 
item of expense in the operation of the foundry. 

Major items to be covered include fan bearings, 
shafts, impellors, and drives; conveyor machinery; 
burners and combustion chambers; temperature con- 
trol and safety devices; and stacks. One foundry opera- 
tor has found the following schedule to be suitable. 

Fans—Check weekly; replace noisy bearings, clean 
oil deposits from impellors. 

Temperature Controllers—Check monthly; inspected 
every three months by manufacturer’s service man. 

Conveyor Machinery—Lubricate weekly. 

Combustion Chamber—Inspect every six months. 

At the very beginning, when the oven is designed, 
attention should be given to the location of auxiliary 
equipment. Experience has shown that inaccessible 
equipment does not get the necessary attention unless 
forceful maintenance supervision is exercised. Gener- 
ous platform areas, convenient ladders, and safety 
flooring and railings are aids to effective maintenance 
and good plant housekeeping generally. 


The automatic control equipment is the heart of the 
modern foundry oven. Ruggedly built industrial type 
controls are essential. Standard makes, whose manu- 
facturers have wide-spread service facilities, should be 
selected. 

The conditions of heat, abrasive dust, and moisture 
under which foundry ovens must operate call for more 
rugged construction than that of ordinary industrial 
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ovens. Metal panels should be at least No. 16 gage 
steel both inside and out for core ovens, and No. 14 
gage steel for mold ovens. 

Careful attention to these details will pay dividends 
in avoiding the overtime expense for repairs to the 
equipment, and also lost production and unused labor 
while repairs are being made, followed by additional 
overtime necessary to make up the lost production. 
In spite of the extra care needed to properly maintain 
modern core and mold ovens, this equipment correctly 
selected will quickly pay for itself through savings of 
labor and materials wasted in using old style ovens. 


Summary 


The author has pointed out that properly selected 
core baking and mold drying equipment is essential 
in the present day foundry. Its use results in improved 
castings and fewer losses, making the most efficient use 
of today’s dwindling supply of skilled labor. The im- 
proved working conditions enable the foundryman to 
attract and hold a more desirable type of worker. and 
also reduce the amount of absenteeism. Safety devices 
used in connection with automatic fuel systems reduce 
to an absolute minimum the hazards connected with 
burning these fuels. Finally, output is increased and 
savings are made in fuel, labor and materials together 
with more effective use of valuable floor space. 


DISCUSSION 


Chairman: J. THomson, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Co-Chairman: E. W. Bracu, Campbell, Wyant & Cannon 
Foundry Co., Muskegon. Mich. 

G. P. PHILuips (Written Discussion):* We wish to compliment 
Mr. Barnett on his concise, thorough article on modern foundry 
core and mold ovens. 

He has emphasized the importance of core production in 
many types of castings and described the modern types of ovens 
necessary for the proper baking of such cores. 

In the production of truck and tractor castings particularly, 
the cost of production of cores is one of the major factors in the 
cost of producing castings. In a number of our tractor and truck 
foundries the core tonnage produced is equal to about 80 per 
cent of good casting tonnage. This means, for example, that in a 
foundry melting 600 tons of metal per day the daily core pro- 
duction will run around 340 tons. 

After the expenditures made for materials and labor for 
making the cores it is vitally important to bake such cores 
under as nearly ideal and foolproof conditions as it is possible 
to attain. With oxidizing type core oils, the optimum baking 
temperature range usually is within 425 to 450 F. When it be- 
comes necessary to speed up operations to produce sufficient 
core tonnages for increased production, perhaps beyond the 
normal capacity of the ovens, we would like to be able to add an 
inexpensive oxidizing agent to the core mixture to speed up 
baking rather than to increase the baking temperature. Care- 
fully controlled laboratory tests indicate that this is feasible, i.e. 
that it is possible to add an optimum amount of such an oxi- 
dizing agent as ammonium nitrate of the order of 0.8 per cent 
by weight and obtain the desired results. In actual production 
core baking operations we find that we get into trouble with 
burned edges and corners when percentages of dryer in excess 
of about 0.3 per cent by weight are added. 

On page 183 the statement is made that “In modern recircu- 
lating heating systems large volumes of air are used to transfer 
the heat from the combustion source to the work with as low a 
temperature differential as practical.” We would like to ask 
what the lowest practical temperature differential is currently 
considered to be for a modern continuous oven baking core at, 


1 Head, Foundry Section, Manufacturing Research Div., International 
Harvester Co., Chicago. 
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say, 430 F at a rate of some 5 tons per hr. Also if there is any 
prospect of further reduction in the temperature differential in 
commercially practical core ovens. 

Finally, we would like to call particular attention to the 
section on “Maintenance” in Mr. Baruett’s paper. This section 
is felt by us to be of great importance and specifically the idea 
of “preventative maintenance.” It is of utmost importance that 
all modern, continuous core ovens be maintained so efficiently 
that interruptions to production do not occvr. 

Mr. Barnetr (Author’s Written Reply to Mr. Phillips): The 
practical answer to Mr. Phillips question must also take into 
account the heating up time of the oven and charge from a cold 
start. It is the practice in some tractor and automotive found- 
ries to shut the oven down loaded with the work from the re- 
maining shift. Obviously under these conditions a sufficiently 
high temperature differential or temperature “head” must be 
provided between that of the heat supply entering the oven and 
the desired oven operating temperature to permit the produc- 
tion schedule to be maintained. The author believes that on 
large continuous core ovens under mass production operating 
conditions it is practical to consider less than 100 F as the 
differential. To use less than this may involve inordinately large 
fans and blowers with correspondingly large ducts and general 
increase in the size of the equipment and investment. 

M. F. Dectey (Written Discussion)? In modernizing a Core 
Room, floor space is always at a premium. Modern tower core 
ovens save as much as 75 per cent floor space over batch ovens. 

We have found that large cores and small cores can be baked 
properly at the same temperature and with the same amount 
of time. 

Our experience with old type batch ovens was that tempera- 
ture and baking conditions were never the same. Position of 
core racks had to be changed during the baking cycle to allow 
the front or the back of the rack to bake properly. 

Good circulation of air inside of oven is a requisite in order 
to bake all cores uniform. 

With modern core ovens we get better baked and more uni- 
form cores and a very substantial savings in oil over the older 
methods. 

Newer type ovens both batch and tower, do quite a lot to 
improve working conditions and help make the foundry a 
better place in which to work. 

Mr. Barnetr (Author’s Written Reply to Mr. Degley): When 
you take into account the floor space required for batch-type 
ovens, the clear working area necessary in front of these ovens, 
and then add the floor area required for transportation of core 
racks and the space occupied by the racks themselves, we believe 
Mr. Degley’s figure of a possible saving of 75 per cent to be 
conservative. It is therefore possible to obtain two or three 
times as much production from a given amount of floor space 
with vertical ovens as compared with batch-type ovens of the 
portable-rack or car-type design. 

Mr. Degley’s experience with having to reverse the position 
of racks is simply concrete evidence of the wide variation in tem- 
perature conditions which generally prevail in direct-fired ovens, 
and the degree to which the baking is forced will have a bearing 
on the conditions that will prevail in the oven. 

Mr. Degley is also correct in emphasizing the importance of 
good circulation. The term “turbulence” might be used in this 
connection to indicate the necessity of exposing the various sur- 
faces of the cores to the air stream. 

The saving in core oil can be a very substantial one. In the 
older forms of direct-fired ovens having inadequate air supply 
and improper circulation a substantial portion of the oil might 
not be oxidized. Furthermore, excessive amounts of oil are used 
in the mix to withstand the excessive temperature conditions. 
With modern recirculating heating methods the amount of 
core oil has frequently been reduced by as much as 50 per cent 
or more over former practice, obtaining at the same time a bet- 
ter core with the greatly reduced possibility of experiencing a 
core blow in the casting. 

Mr. Degley’s reference to improved working conditions cannot 
be over-emphasized. If you get rid of the fumes and acrid gases 
that prevail in so many core departments still using old style 
ovens, you can retain better workers, having a smaller turnover 
of labor in the department and have a better attitude on the 
part of the men toward their work and the management. 


2 Plant Engineer, Ferro Machine & Foundry, Inc., Cleveland, Ohio 
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F. E. ApraHAMs (Written Discussion):* The subject of Mo.:- 
ern Foundry Core and Mold Ovens has been presented by M.. 
Barnett in a most complete, clear and concise manner. He h.s 
covered all phases of the subject, noting equipment suitable fr 
practically all types and sizes of foundries, and for production . f 
all sizes of cores and molds. 

The paper as presented covers core and mold ovens in gener: 
In order to bring out detail, I have elected to discuss rack-tyj\c 
core ovens, both direct fired with line burners, and recirculatin x 
type. 

At the East St. Louis Works of the American Steel Foundri:s 
we have a battery of 14 conventional insulated rack-type coie 
ovens, each of which is 6 ft, 6 in. wide, by 17 ft, 6 in. long, 
having a capacity of two racks each. Twelve of these ovens are 
oil fired, recirculating type, while the other two are gas fired, 
recirculating type. 

The two latter ovens were installed in 1942 to meet war pr 
duction requirements. The ovens as originally installed were 
equipped with ribbon-type gas line burners. Due to inability to 
maintain full flame, these were changed to spud-type burners. 
Burners were equipped with automatic temperature controls 
operated by thermocouples placed through oven roof. Normal 
temperature setting of 450 F. 

With this type of installation it was difficult to obtain satis- 
factory temperature distribution throughout the oven. Attempts 
were made to adjust vent or port openings, to pull the heated 
air from the burner side of oven through the rack and over the 
cores to exhaust ports. This procedure helped to a degree, how- 
ever, on placing thermocouples at various points on the core 
racks, cold spots were noted, and the overall temperature varia- 
tion was found to be 360 to 450 F. This resulted in some cores 
being well baked and some on the green side. 

Because of these continued difficulties and unsatisfactory tem- 
peratures, these ovens were converted to gas fired recirculating 
type. A gas fired combustion unit of sufficient size and capacity 
to accommodate both ovens, was installed on top of the ovens. 
Other equipment included automatic temperature controls, air 
supply fan, supply and exhaust duct-work. 

After conversion was completed, and experimental adjust- 
ment work in damper settings was concluded, satisfactory results 
were obtained. An even temperature throughout the oven and 
at various locations on racks was shown on temperature record- 
ing chart. In making these checks, thermocouples were placed 
at various points on core rack adjacem to cores. Maximum tem- 
perature variations were plus or minus 10 F with automatic con- 
trols being set at 450 F oven temperature. 

In conclusion, the statements of Mr. Barnett might well be 
repeated, “Proper selection of core baking and mold drying 
equipment is essential in the present day foundry.” ‘This is 
particularly necessary to produce quality castings for the ever 
increasing competitive market. 

Mr. Barnett (Author’s Written Reply to Mr. Abrahams): 
Mr. Abraham’s experience with ovens equipped with line burners 
shows. results about the same as those charted in Fig. 2. His 
temperature variations ranged from 360 to 450 F, a difference 
of 90 F, which is plus or minus 45 F. The charts in Fig. 2 serve 
to show the great difference in results on core oils tested care- 
fully under conditions of plus or minus 50 F. 

As Mr. Abrahams has pointed out, changing his heating meth- 
ods to produce maximum variations within plus or minus 10 F 
has eliminated his baking variables and has resulted in an im- 
provement in quality. 

H. K. Ewic (Written Discussion):* Mr. Barnett is to be com- 
plimented for his valuable, comprehensive, and unbiased dis- 
cussion of core and mold drying as brought out in his paper 
“Modern Foundry Core and Mold Ovens.” 

Every foundryman must recognize the importance of con- 
troliing the drying of cores and molds. How this can be most 
economically accomplished is dependent upon many factors pe- 
culiar to each foundry. Mr. Barnett has incorporated in his 
paper facts, charts, illustrations and floor plans which reveal a 
wealth of information relative to the subject. 

The author in summarizing his paper on page 201 makes some 
very significant statements which, if studied by all of us in the 
metal casting industry, could result in a much improved foundry 
operation. 


2 Works Engineer, American Steel Foundries, E. St. Louis, Ill. 
4 Foundry Supt., The Cincinnati Milling Machine Co., Cincinnati, Ohio 
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Mr. BARNETT (Author’s Written Reply to Mr. Ewig): 1 would 
like to thank Mr. Ewig for his complimentary remarks. Mr. 
Ewig, as head of the Foundry Division of Cincinnati Milling 
Machine Co. has for many years been an advocate of good con- 
trol in mold drying and core baking. 

His foundry is perhaps the outstanding one of its kind in 
the world, and the production record of quality in machine 
tool castings shows that his ideas have been sound. 

W. R. JENNINGS (Written Discussion):* Mr. Barnett has, in 
this paper, an illustrated treatise on core ovens which should be 
an excellent guide to any foundryman considering the need 
for a core or mold oven. 

He has emphasized the need for imperative controls within 
as narrow a range as possible, the necessity for forced circulation 
to speed and control baking and he has shown with illustrations 
the various fypes of ovens that are available today, which meet 
the requirement of temperature control speed and uniform 
baking. 

rhe selection of the type of oven for your job is a vital one 
and should be given a thorough study based on your needs. Your 
problem in a jobbing foundry, pouring afternoon heats is en- 
tirely different, than in a continuous foundry. 

In one case, you may have cores varying from 14 lb to one 
ton and over. In the other, they may be fairly uniform in 
section and weight. 

Do not be confused in the selection of an oven by the fact 
that it is continuous. Being continuous does not necessarily 
make it a better oven for your requirement. 

Movement is not always progress. A moving conveyor is 
appealing, but, because it is in a loop it really comes back to 
the same point it started from and may not get you anywhere. 
If you have a wide variety of cores and limited tonnage, a mod- 
ern forced circulation stationary oven may be more economical 
fer you because of the wide range of baking time, regulated 
only by the time you leave the car in the oven. 

A continuous oven in a smali foundry can be exasperating, 
when large cores are not baked properly in one trip through the 
oven. You may find it necessary to rerun these cores. However, 
as Mr. Barnett states, the advantages of a continuous oven are 
many for the foundry suitable tor their use and are available 
in vertical or horizontal to suit your space available. 

Our study has shown that it is advisable in a foundry whose 
capacity indicates need for a continuous oven that there may 
also be a requirement for a stationary oven for off section 
cores, rush cores and to supplement in peak production and also 
as an economy measure in slack periods. 

\{ continuous oven requires that you unload at a definite 
place and time. It is costly to call in an unloading and finishing 
crew and pay overtime, when your requirement may have been 
only a few racks of cores that could have been made in a sta- 
tionary oven. 

The above is not a criticism of the continuous oven but an 
illustration of the core required in selection to get the most 
economical setup. 

If your requirement is for several ovens, then of course, your 
problem is one of scheduling cores of various size or baking time 
to each oven. 

Mr. Barnett has stressed the need for preventive maintenance 
on oven as means of continued operation, this can not be over 
stressed. We also have found it necessary, in oil fired ovens, to 
have a general cleaning of all flues, ducts, etc. at least three 
times per year to prevent fires. 

Photographs were not available when Mr. Barnett prepared 
his paper of a pusher type oven which may be of general 
interest. An attempt has been made to make an oven with a 
wide baking range, in time and temperature, and still have a 
continuous oven. The oven consists of four horizontal ovens 


5 Foundry Supt., John Deere Tractor Co., Waterloo, Iowa 
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side by side, with independent heating. Each oven has four 
compartments extending the length of the oven, thus, making 
it possible to operate the oven with four different temperatures 
and in theory at least, 16 different baking periods. 

In operation, electrically controlled elevators operate simul- 
taneously at each end of the oven as a plate of cores are fed by 
gravity conveyor to the enter end of the oven. The operation 
indicates desired shelf by push button, the elevator rises to the 
indicated shelf and hydraulic rams, gently push the loaded core 
plate into the oven and since the elevator is waiting at the exit 
end of the oven as one core plate is pushed in the oven, a baked 
core is pushed out at the exit end. Both elevators return to 
working level at the same time. The baked core shelf unloads 
on gravity conveyor which conveys it to the finishing area. Core 
plates used are transite, oven rails are polished cast iron. There 
are no moving parts in the oven and balanced air curtains seal 
the ends of the oven and cool the cores as in a conventional 
continuous oven. 

Memser: If you would change the position of the trays in 
the oven from one level to another (Fig. 5) would the tempera- 
ture of the oven change? 

Mr. Barnetr: No. The turbulence is not really diagram- 
matic. It depends on the nature of the work. We show two 
levels of duct. There might be three, four or five, or the entire 
side might be a plenum chamber with a series of openings. In 
the normal jobbing shop operation or in the foundry where 
your cores are of a miscellaneous nature, you have to deal with 
averages and the velocities and the turbulence is such that you 
have a high enough rate of change so that regardless of where 
your shelf levels may be, you will have approximately the tem- 
perature conditions that we show there (Fig. 5). This shows plus 
or minus 10 degrees and if we carried this thing down to its 
utmost, we could make that plus or minus 214 degrees. However, 
there is no need to go to 214-degree limits. There is no need to 
have a duct for each shelf level. 

In certain work during the war, for example, on aircraft cylin- 
der head castings, which are about the most difficult cores to 
bake because of a very heavy core and thin fins, we were able to 
reduce baking time from 13 hr at about a 50 per cent loss to 334 
hr and no loss by having a supply duct at each shelf level. But 
that was a single-purpose operation. Every rack load had the 
same core in the same position and we could deal with that 
specifically. But in general, for an average set of conditions, 
that chart will serve 98 per cent of the cases. 

A. W. Grecc:” I assume, of course, that you use entirely fresh 
air for combustion at the burner. You also recirculate a great 
deal of warm air through the oven. When you bake a core, 
you get a lot of disagreeable fumes, and also a considerable 
amount of water. How do you proportion the amount of air 
that you recirculate and the amount of fresh air that you bring 
in? You have a vent that takes off a certain amount of the gases 
from the oven. 

Mr. Barnett: This is a simple arithmetical question, because 
you start out by calculating the heat requirements and the 
amount of fuel necessary. You know what the moisture is, the 
quantity of moisture, and you know what the volatiles are, 
either by experience or through calculation, so that obviously 
you cannot have a sealed system, you must have ventilation. 
After you have determined the necessary amount of fuel from 
the production you have to handle, the problem then is to 
have enough ventilation to remove your products of combustion, 
the moisture and the volatiles which foul the atmosphere, and 
at the same time do not waste any more fuel than necessary 
going up the stack. Whatever goes up the stack must be re- 
placed by fresh cold air at room temperature, or whatever the 
temperature is. 
® Consulting Engineer, Whiting Corp., Harvey, Ill 
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RECENT DEVELOPMENTS IN THEORY AND PRACTICE 
OF INSULATING SLEEVES, PADS, AND RISERS FOR 
NON-FERROUS CASTING 


By 


Kurt A. Miericke * 


THEORY RELATIVE TO CONTROLLED SHRINKAGE in 
ferrous and non-ferrous castings has been thoroughly 
studied and reported upon. Taylor and Rominski,! in 
particular, have done valuable work in ascertaining the 
effect of atmospheric pressure upon proper directional 
solidification of castings. Considerable literature ex- 
ists to support the extreme importance of properly 
designed gates and risers to produce acceptable cast- 
ings. : 
Materials described in this paper are suitable for 
use with all non-ferrous alloys. However, special pre- 
cautions must be taken when used with magnesium 
alloys. Ferrous alloys, create an unfavorable chemical 
reaction in their molten state when used in conjunc- 
tion with the material discussed in this paper. 

Briefly, it is axiomatic that a casting should cool 
first at its lowest and thinnest sections, with progres- 
sive solidification to a still molten reservoir of metal. 
If the metal in the riser remains sufficiently fluid, and 
if its flow is not checked by premature cooling in thin 
sections, or evolution of gas from the liquid, the latter 
is continuously fed to replace the cast volume lost by 
shrinkage and the result is a sound casting. 


Directional Solidication 


Fundamentally, there can be only three methods by 
which directional solidification can be assured. 

1. The first of these consists of placing chills in those 
portions of the mold where rapid cooling is desired. 
The disadvantage of this practice is that extreme skill 
is involved in selecting the proper size and shape of 
chill, and in locating it properly in the mold. 

2. A second means of attaining proper cooling of a 
casting is to increase the volume of metal in the riser, 
and using exothermic materials to keep the metal liq- 
uid in the riser, thereby increasing its overall heat 
capacity. Increasing the volume of the risers has long 
been considered conventional foundry practice, in spite 
of the obvious disadvantages of high cleaning costs and 
excessive machining. 


* Consultant, Formerly Metallurgical Development Engineer, 
U.S. Gypsum Co., Chicago. 
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3. The third technique consists of so insulating the 
risers and portions of the mold that cooling is retarded 
in certain areas, and molten metal can be controlled as 
to rate and amount of feed. It is with this use of in- 
sulative pads and sleeves that this work is concerned. 

Pioneer work has been accomplished by Taylor and 
Wick? in the adaptation of gypsum-base formulated 
metal casting plaster to this use. The advantages of 
this practice, as reported by them are: 

1. Sounder castings resulting from the fact that 
metal in the riser remains molten until the casting has 
solidified. 

2. Greater yields and lower cost price per casting can 
be obtained per pound of metal melted, since less 
volume of metal is required in the riser. 

3. Cleaning costs are reduced since riser may be 
made smaller. 

To date the material found most suitable for making 
insulating riser sleeves and pads was the so-called regu- 
lar metal casting plaster. It had all the desirable 
characteristics of insulation, but also had the follow- 
ing disadvantages: 

1. Lack of permeability. 

2. Fragility after burnout. 

3. Susceptibility to blows when used as pads, due to 
reabsorption of moisture from the molds. 

4. Excessive baking time and tendency to reabsorb 
moisture if not properly stored. 

The development of a new permeable metal casting 
plaster has eliminated most of the detrimental aspects 
of using gypsum cement compositions in making in- 
sulative riser sleeves and pads. This new permeable 
metal casting plaster was described in great detail by 
Miericke and Johnson.* When using this permeable 
material at permeabilities of 15 to 25 A.F.S. the fol- 
lowing advantages can be obtained over the regular 
metal casting plaster. 

1. Sleeves and pads may be baked in standard core 
ovens at temperature of 275 F (135 C) to 400 F (204.9 
C) since only the free water need be removed. 

2. Sleeves and pads will be at least 50 per cent 
stronger eliminating excessive breakage while mold- 
ing. 


3. Moisture pickup during storage and when 


49-17 





I 


. Sede 


iF 


sol 
in 


TEMPERATURE - DEGREES - FAHRENHEIT 


eb | 





1900 
100 (A 
\ 
\ 
‘ 
1700 S 
N ie. “ nu oS 
’ | REGULAR METAL CASTING PLASTER 
PERMEABLE METAL CASTING PLASEH =~ 
1600 
fy 
Bis an 
E SAND 
1400 a 


k. A. MIERICKE 205 


a 
, 


{INSULATING SLEEVE gor Sueeve co SAND 
~ POWDERED iesui AT 
—; MATER \ 
7 Sa 24°" on\ I meee 1 eee Rote gt - 
\ | 





i\ , 
Ay 
J 4,0. \ 


oath aatall 


* 


4A 











oe 











Courtesy of Taylor and Wick 1... 











—— a 


\—. INSULATING MATERIAL a | 
Courtesy of Taylor and Wick 


Fig. 1—Test ingots used to determine relative rates of 
solidification of manganese bronze in green sand and 


in gypsum; pouring temperature 1880 F. Fig. 2—Sketch showing molding technique used in so- 


lidification test of Fig. 1. Location of thermocouples 
marked T. 
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rammed in green sand molds is no longer a problem. 
Sleeves and pads have sufficient permeability to release 
gases formed. If they are used after long periods of 
storage the metal contact surfaces of sleeves and pads 
may be torched before the molds are closed or before 
the metal is cast. 

4. Permeable metal casting plaster sleeves and pads 
may be stored on racks with standard sand cores and 
no longer require storage in dehumidified atmos- 
pheres. 

In order to test the efficiency of this new permeable 
material several molds were made similar to those 
used by Taylor and Wick? (Fig. 1 and 2.) The com- 
binations used were as follows: 

1. Insulative riser of permeable metal casting plaster 
was used in one-half of mold. The other half was in 
green sand. 

2. Insulating riser made of regular metal casting 
plaster was used in one side of mold. The other side 
was green sand. 

The casting cavities were gated identically and were 
of identical dimensions. ‘Thermocouples were placed 
so that the temperature could be measured in the 
center of each mold. Manganese bronze was used and 
poured at 1030 C (1886 F) in all tests. Time for com- 
plete solidification as indicated by the thermocouple 
was more than twice as long in the insulated metal as 
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Fig. 4—Sketch and table of recommended sizes of sleeves 
and pads. 
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in the uninsulated. It was found that the permeab'e 
metal casting plaster was equally as efficient when ca!- 
cined as the regular metal casting plaster, and w.s 
only slightly less efficient when the sleeves and pac's 
were only air dried. The data obtained is presented in 
graphs, Fig. 3. 

To simplify making of sleeves and pads standard 
sizes and shapes are recommended. Standard heighis 
of 6 in. and 8 in. are recommended for riser sleeves. 
If other heights are required they may be made by 
cutting the sleeve or by stacking several sleeves. A |- 
in. sleeve wall thickness provides sufficient insulative 
value for all purposes. However a 14 to 2-in. thick- 
ness is recommended for additional strength. Figure 4 
shows a sketch and standard sizes recommended. 

If extremely large risers are needed they should be 
made in segments and fitted together. If a ring riser is 
desired, two insulating sections are required, the inner 
and outer circles. 

The pattern equipment for insulating riser sleeves 
may be made of gypsum cement, wood (well sealed) or 
of flexible material such as Koroseal. A well tapered 
split box similar to a core box with a tapered plug 
should be used (Fig. 5 and 6). If flexible pattern 
equipment is used, the draft on the riser sleeve may be 
minimized. 

Insulative pads should be made in larger slabs and 
cut to size as required. They may be made either by 
squeezing or by casting into a form and screeding. A 
smooth surface is required such as a plate glass, a 





Fig. 5—Wood core box for making insulating riser 


sleeves. 





Fig. 6—Gypsum cement core box for making insulating 
riser sleeves. 
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Courtesy of Taylor and Wick 


Fig. 7—Assortment of insulating riser sleeves. 


polished marble slab or a surface plate. Spacers 1-in. 
by l-in., are placed on the slab. Their spacing will 
determine the size of the slab. A second sheet of plate 
glass should be available. All surfaces coming in con- 
tact with the plaster slurry should be well greased with 
a parting medium such as lard oil, or any other recom- 
mended plaster parting medium. After the plaster 
slurry has been mixed to the correct permeability, it 
should be cast on the surface plate. The second glass 
plate should be placed on top and pressure applied 
until the second glass plate makes contact with both 
l-in. by l-in. spacers. This will give a slab of 1-in. 
uniform thickness. The excess material being displaced 
by the applied pressure may be trimmed after slurry 
has set with a saw or left until the slab of insulative 
material has been dried and is ready to be cut into 
desired shapes. 

The second method is to make a rectangular or 
square frame work making the height 1 in. This frame 
work is placed on a surface or glass plate, and the 
parting applied. The slurry is mixed to the desired 
permeability and cast into the frame work. As the 
plaster begins to set, the top surface must be screeded 
to produce the desired slab 1 in. thick. 

The method of creating permeability in this newly 
developed permeable metal casting plaster has been 
described in greater detail by Miericke and Johnson® 
and briefly requires: 

1. Suitable mixing equipment to create the desired 
permeable structure. 

2. The formulated material accurately proportioned 
80 parts of water to 100 parts of plaster formulation, by 
weight. 

3. Control equipment for weighing samples as the 
slurry is being mixed. The permeability of a mix can 
be predetermined by the weight of a given volume of 
the mix. As the wet density or weight of a given vol- 
ume decreases the permeability increases. 

4. Suitable baking equipment to remove the excess 
water. 

After the slabs or riser sleeves have set or have be- 
come hard enough to be extracted from the pattern 
equipment, they should be placed into an oven at not 
less than 275 F (135 C) but not higher than 400 F 
(204.9 C) until they have each lost about 36 per cent 
of their wet weight, or the free water. They are now 
ready for use or storage. 
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Fig. 8—Cope of mold showing insulating riser sleeves 
in position. 


When they are ready for us, they should be rammed 
into the green sand molds and the metal contact sur- 
face torched moderately to drive back any excess mois- 
ture from the metal contact surface of the insulated 
pads and risers. If the riser sleeves or pads are to be 
used in dry sand molds, they may be rammed into the 
molds without drying, or immediately after extraction 
from the pattern equipment. The sleeves and pads will 
dry while the sand molds are being baked in the core 
oven. 


Summary and Conclusion 

The insulative value of riser sleeves and pads made 
of a permeable gypsum cement composition are equal 
to those made of regular metal casting plaster. The 
advantages of using this permeable gypsum cement 
composition for insulative riser sleeves and pads are: 

1. Sleeves may be baked in regular core ovens at 
temperatures of 275 F (135 C) to 400 F (204.9 C) 
eliminating excessive, high temperature baking. 

2. Sleeves and pads will be approximately 50 per 
cent stronger than regular metal casting composition 
sleeves, minimizing breakage during handling and 
ramming. 

3. Storage of sleeves and pads after baking is not as 
critical, since small moisture absorptions during stor- 
age can be eliminated by torching metal contact sur- 
faces of sleeves and pads before metal is introduced 
into the mold. 
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A. H. Hesse (Written Discussion):* Mr. Miericke and those 
who participated in the pioneer work on insulating sleeves, pads, 
and risers for nonferrous castings are to be congratulated. The 
data shown on the permeable plaster material indicates that it 
is equally as good from the standpoint of insulating characteris- 
tics as the gypsum material which requires excessive baking 
time and tended to reabsorb moisture if not properly stored. 
This is important because the permeable plaster not only gives 
materials which have good insulating characteristics, but it also 
yields a 50 per cent stronger material which may be baked in 
regular core ovens and temperatures of 275 to 400 F. Storage of 
sleeves and pads after baking is not as critical since moisture 
absorption during storage can be eliminated by torching the 
metal contact surfaces of sleeves and pads before metal is intro- 
duced into the mold. 

It would seem that insulating sleeves, pads and/or risers could 
be casily adapted to the production foundry in which a number 
of castings are made from one pattern. Standardization of 
sleeves, pads and risers sizes could be readily made and the per- 
meable plaster insulating parts could be prepared on a produc- 
tion basis. The jobbing foundry which limits the sizes of the 
castings it makes could also standardize on certain size riser 
sleeves, pads and insulating sleeves which could be stored and 
used whenever needed. It might be a little more difficult \for the 
jobbing foundries whose weight or size of casting varies from 
small to large because the number of different sizes required 
may be impractical. 

The writer had the opportunity of seeing the permeable mold 
casting material used to a definite advantage as a riser’ sleeve 
in the production of copper and high strength, high electrical 
conductivity copper alloy castings. The original weight of the 
castings including riser, gates and sprue was 30 lb. After the 
permeable plaster riser sleeves had been used, the total weight 
was reduced to 22 lb with the possibilities for further reduction 
after additional experimentation. The riser sleeve was 1 in. 
thick by 4 in. I. D. by 214 in. high. The size of the original 
riser was 4 in. diam by 5 in. high. 

Reducing the total weight of the casting naturally enables the 
foundry to pour more castings per pot of metal and the result- 
ing savings are obvious. 

I believe that foundrymen in general are missing a great 
deal when they fail to investigate the possibilities of using a 
development such as this and. many others which have been 
presented. Certainly many foundrymen may obtain a consider- 
able saving as well as an improvement of the quality of the 
castings from this development. In these times when competi- 
tion is becoming keen, changes which reduce cost and improve 
quality certainly warrant consideration. 

CHAIRMAN TsyLor: Plaster of paris, or gypsum, is truly an 
interesting material. I understand that it is used in bank vaults, 
refrigerators, plaster boards, patterns for foundry use and as a 
molding material the same as sand. There are, of course, many 
other uses. But the point that is of greatest interest to us as 
foundrymen is that gypsum has the greatest insulating power, I 
believe, of any material when it is properly mixed and dried. I 
suggest that all nonferrous foundrymen experiment with this 
material to get acquainted with its properties and possibilities. 

Those of you who have not worked with the old type of 
sleeve will not appreciate the intrinsic value of this new material. 

S. W. Brinson:* I think we were the first foundry to put in- 
sulating sleeves and pads in productive use. It is part of our 
regular routine at the present time. You must watch your direc- 
tional solidification when using insulating pads and sleeves. 

There are two points in this paper which probably need 
some explanation. In Fig. 1 the right-hand half of the test ingot 
was made in sand while the left-hand half was made in the cast- 
ing plaster. The right-hand half of the ingot showed a deep 
pipe. The left-hand half showed a shallow shrinking. They were 
identical except for one thing, that the casting made in plaster 
had powdered gypsum on top of the riser. The other half of 
the test ingot made in sand had nothing on the top of the riser. 
If the author had placed powdered gypsum on top of the riser 
of that half of the test ingot made in sand it would have the 
same type of riser top, because when one was made in sand 
and one was made in gypsum from the same pattern your tem- 
perature gradient differential was exactly the same for both from 


1 Research Director, R. Lavin & Sons, Chicago 
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the bottom to the top with the exception that the insulatiig 
powder on top of one riser gives you a shallow shrinkage. We 
put the powder on top of our risers and we get shallow shrin\.- 
age. 

In connection with the directional solidification, we wil 
never at any time put a sleeve all the way down the riser froin 
the top down to the casting because if you do, you do not esta!)- 
lish your temperature gradient. We will put the sleeve down 
about 40 per cent from the top. We have over 60 per cent of 
the height of the riser between the casting and the bottom of 
the sleeve and we keep the top of the riser hot with the gyp- 
sum sleeve. 

Figure 3 shows that any effect that the plaster had on the 
casting poured takes place 6 min after the cast is poured because 
in the first 6 min the cooling rate in sand is slower than it is 
in the gypsum. Therefore any effect that the plaster has does 
not take place until 6 min after it is poured. That is the reason 
why you have to have directional solidification all the more. 

When making castings you must establish the temperature 
gradient in the mold from the bottom to the top just the same 
as you try to when you do not have sleeves or anything else. 

Mr. MIeRIcKE: The suggestions made by Mr. Brinson are 
very helpful. Since Dr. Taylor and associates had done such an 
able job in compiling the original data, 1 used patterns and 
alloys as recommended in his published works. The prime 
objective was to compare the thermal or insulative properties of 
permeable metal casting plaster with material used by Dr. 
Taylor. 

Some foundrymen object to the use of powdered calcined 
plaster as it contaminates the sand. Sometimes sleeves will break 
and cause contamination. In some foundry applications up to 
2 per cent gypsum is used to strengthen their sand. However, 
with this type of sleeve we do have a stronger structure to start 
with and any calcination that occurs, takes place on the inside 
or adjacent to the metal surface. 

Since publication of this paper the author has done work in 
incorporating a fibre mat into the plaster composition to help 
minimize sand contamination. Since low burnout temperatures 
are used, and the fibre mat is placed along the outside contour 
of the rise sleeve, the fibre does not carbonize and adds addi- 
tional strength to the sleeve and prevents crumbling of the 
sleeve during shakeout. 

C. A. Kenyon:* Does the author have experience with these 
sleeves in making copper castings? 

Mr. Miericke: Yes, we have. As mentioned in the written 
discussion by A. H. Hesse, the initial work was done on high 
conductivity copper. High conductivity copper castings are now 
being made successfully in plaster molds in production quan- 
tities. 

Mr. KENYON: We are getting ready to cast ingot molds in 
pure copper. That is the reason for the question. 

Mr. Miericke: If you investigate this material you will prob- 
ably find that it might help you. However, it takes experience, 
and the instructions must be followed rigidly. Directions must 
be followed to obtain good results. Men must be trained to use 
this material. In .the sleeves and pads we would like to use 
permeabilities higher than used in the sand molds to allow extra 
leeway and safety. 

MEMBER: It would seem to me that one of the possible draw- 
backs to the use of insulating materials in a production foundry 
might be the time required so that you can reuse your pattern 
equipment. What was that interval of time formerly and has 
any work been done to speed up the rate of reaction so that you 
can reuse your pattern equipment at a greater rate? 

Mr. Mrericke: In order to maintain the same volume as sand 
cores multiple core boxes must be made. They can be cheaply 
reproduced from a master in gypsum cement, or they can be 
made of a flexible mold material. Twenty or more core boxes 
can be filled with one mixing of‘the permeable metal casting 
plaster. While one set of boxes is setting several other sets can 
be filled. The normal pattern turnover is 3 to 4 times per hr. 

W. L. Rupin:* A few years ago, I was associated with a 
foundry that used plaster molds exclusively for the pouring of 
brass, bronze and aluminum alloys. We experimented with 
these plaster sleeves and found that we could make them on our 
regular production core table. It was a circular revolving table 


® Supt., Lewin-Mathes Co., St. Louis, Mo. 
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containing two gang boxes of the sleeves plus our other core 
|oxes. They would be poured at one point on the table, broken 
out as soon as they were set, which would be about halfway 
«round, The boxes were then brushed with a parting compound 
and re-assembled, ready for another pour. In this way, we were 
able to make all the sleeves necessary, using our standard core 
procedure. The sleeves were then baked with the cores, and 
many a time held for one or two days before using, without any 
detrimental effects. 

F. L. Rippeti:* Has the author had experience with this 
permeable plaster as a core material in castings made in the 
regular metal casting plaster? That is, using this new material 
for the cores instead of the regular casting plaster? 

Mr. Miericke: Some work has been done on using this mate- 
rial for cores. It is rather unfortunate that everyone is so 
secretive about their development work. Some foundries are 
using this material for cores in permanent mold applications 
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and with regular metal casting plaster. However, I would sug- 
gest that internal cores be calcined and properly vented as the 
regular metal casting plaster may pick up some moisture from 
this material. If the cores are burned out about 450 F the chemi- 
cally combined water will be eliminated. Trouble has occurred 
when foundries have made plaster drags especially in ornamental 
metal work and have used green sand copes. They usually get 
into trouble. This plaster will reabsorb moisture from the 
green sand. Former plasters lacking permeability would blow. 
Mr. RupIn: In answer to Mr. Riddell, I would like to state, 
that I know of a permanent mold foundry that is using this type 
of material in their cores and having very good results. After 
making the cores, they are put in an oven at 350 to 400 F for 
5 to 6 hr. Then they are baked at 800 F for the purpose of 
calcining them. They are then held at 180 F until used. 


5 Foundry Metallurgist, H. Kramer & Co., Chicago 








SAND PROPERTIES vs pH 


By 


Bradley H. Booth * 


ABSTRACT 


From the results of numerous tests described in this paper it 
seems to be evident that the pH value of a foundry sand does 
have an effect on the sand properties. Consequently, it offers 
another method of control which may be valuable in helping to 
further reduce the variables that are so prevalent in every 
foundry sand mixture. 

The first work done was to determine the effect of successively 
larger additions of Na,CO,; on the pH value of the sands. Then 
three sands were selected and tested over a range of moisture 
contents in order to establish the effect of this variable on their 
properties. Following these tests, the same three sands were 
tested at various pH values, holding the moisture constant, so 
that the effect of the variable pH on the sand properties could 
be recorded. 

Some of the theory developed was applied in an actual 
foundry test, the results of which are reported in this paper 
with the pertinent technical data resulting from extensive 
laboratory research work. 

Since it is not entirely the pH value of the sand that deter- 
mines its properties, but also the materials and methods by 
which that pH value was created, caution must be exercised in 
propounding new theories and statements of fact based on the 
results of a single series of tests. 


Introduction 


SANDS USED IN THE FOUNDRY for making molds are 
essentially grains of quartz held together by some form 
of binding material. In general, there are two types 
of sand deposits, (1) Water—sediments—may be 
either round or angular grain, and (2) Wind deposits 
—Aeolian—usually rounded grains. Since clay is the 
most important constituent of molding sands, it is the 
effect of pH changes in the clay that we have to con- 
sider. The sand itself being principally pure silica is 
relatively inert from a chemical standpoint, its chief 
effect in the mold being due to the size and shape of 
the grains. 

Clays, on the other hand, are complex hydrous- 
alumina silicates which have the property of base ex- 
change in their colloidal portions. For example, when 
a clay containing calcium is treated with certain so- 
dium salts such as Na,COs, there will be an exchange 
of cations within the layer-like structure of the crystal 
lattice, and since saturation with sodium promotes 
deflocculation and consequently improves the _plas- 
ticity and workability of the clay, it will tend to im- 
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prove the clay for foundry use. This desirable effect 
of the sodium ion in the clay lattice is thought pos- 
sibly to be due to its great affinity for water, which 
may proceed even to the point where the exchange 
particles absorb so much water that they swell and 
burst, thus bringing about deflocculation. The prop- 
erties of clays are closely related to the exchangable 
ions present. Clays with a high base exchange capacity 
will tend to have a high bonding strength. Actual re- 
sults obtained in this investigation by treating various 
foundry sands with sodium carbonate, will be reported 
in the following pages. 


Definition of pH 


pH is a symbol which represents the hydrogen ion 
concentration. It is expressed numerically as the 
logarithm of the reciprocal of the gram ionic hydro- 
gen equivalents per liter, i.e., pH—log 1/H per liter. 
The Hydrogen Equivalent of a substance is the num- 
ber of replaceable hydrogen atoms in one molecule. 
Water has a concentration of H ions of 10-7 and of OH 
ions of 10-7 moles per liter, or a pH value of 7. 


Equipment for pH Tests 


All pH determinations were made with a Beckman 
pH meter. This meter employs the potentiometric 
method for measuring the voltage developed by a 
glass-calomel electrode system. Twenty grams of dried 
molding sand were placed in a 100 cc beaker, to which 
was added 50 cc of distilled water in which had been 
dissolved a predetermined amount of Na.COs;. Before 
each series of tests the pH meter was buffered with 
buffer solutions of 4.1 and 6.4 pH value. Each mold- 
ing sand solution was thoroughly agitated, tempera- 
ture checked and the pH determination made at once. 


pH Curves 


For the initial phase of this investigation it was 
decided to plot the pH curves of several types of mold- 
ing sand from various sections of the country. The 
purpose of this part of the investigation was to deter- 
mine the effect on the pH value of the sand, produced 
by adding various percentages of Na,COs;. The fol- 
lowing sands were selected for testing: 
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1. Foxden Low Bond molding sand (Tennessee) 
2. Century No. 114 molding sand (Llinois) 
3. Albany No. 2 molding sand (New York) 

4. Dousman molding sand (Wisconsin) 

5. New Jersey molding sand (New Jersey) 

*6. Heavy Green molding sand (Milwaukee) 

7. Silko molding sand (Wisconsin) 

8. Gallia molding sand (Ohio) 

9. Millville No. 27 gravel (New Jersey) 

10. French molding sand (France) 

*11. System sand (Milwaukee) 

*12. Black Core sand (Milwaukee) 

The same procedure was used in obtaining the data 
for the pH curves of all the sands. It was first decided 
that 1 per cent would be the maximum amount of 
Na,CO, added since larger amounts would not be 
acceptable for foundry use in sand due to its low melt- 
ing point of 852 C. NasCOs, was selected as the salt to 
use in these tests since it contained the necessary 
sodium ions and being a fairly cheap chemical its 
cost would not be prohibitive should its use in foun- 
dry sands turn out to be desirable. 

After having established 1 per cent as the maximum 
addition of Na,CO,z it was decided that the effect of 
very small additions, of the order of 0.002 per cent, 
should also be investigated, since the maximum clay 
to be found in any of the sands previously mentioned 
is approximately 20 per cent, and consequently it was 
considered possible that relatively small additions 
might produce a more marked effect, since Barker and 
Truog had previously found that additions of from 
0.2 to 0.4 per cent had the most pronounced effect, 
and they were working with pure fireclays. In order to 
plot all points obtained, without using too large a 
sheet of graph paper, it was decided to use 3-cycle, 
semi-logarithmic paper, with determinations of pH 
made at the following Na,CO; concentrations (per 
cent), which points would be fairly even spaced on 
this type of graph paper: None, 0.002, 0.005, 0.010, 
0.020, 0.050, 0.100, 0.200, 0.500, 1.000. 

Since it would have been difficult to weigh accu- 
rately on the scales available some of the small 
amounts of carbonate needed in these tests, it was 
decided to mix two solutions, one of which would con- 
tain exactly 0.0004 grams of Na,COxz per cc, and the 
other to contain exactly 0.004 grams per cc. A 20-gram 
sample of sand was used in these tests, so that 0.002 
per cent would be 0.0004 grams. This amount was 
easily obtained by measuring out | cc of the first solu- 
tion from a 10 cc burette. The other percentages listed 
above were obtained in like manner by using the 10 
cc burette, and 10, 25 and 50 cc pipettes. The amount 
of solution added to each sample, and its concentra- 
tion, will be found listed in Table 1. 

This table shows the pH values for all the 12 sands 
tested at each of the ten concentrations of Na,CO, 
used for each of the sands. These data were used in 
plotting the pH curve for each sand. See Fig. 1 to 12 
incl. From an examination of these 12 curves it can 


* Indicates sand obtained from a foundry, to which had been 
added various other ingredients, such as pitch, bentonite, wood 
flour, etc. All other samples were untreated molding sands direct 
from the pits, containing nothing but the natural clay. 
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TasLe I—DATA FOR pH Curves 








Sample Amount of Per cent Amount of Concentration 
No. Sand used Na,CO, Na,CO, of Solution, 
Solution gr per cc 
Added, cc 
] 20 grams None None None 
2 < 7 0.002 1.0 0.0004 
3 2 r 0.005 2.5 4 
{ 7 = 0.010 5.0 
5 = = 0.020 10.0 
6 = + 0.050 25.0 
7 ™ ™ 0.100 50.0 4 
8 i) es 0.200 10.0 0.004 
9 = = 0.500 25.0 - 
10 = 4 1.000 50.0 
Sample New 
No. Millville Jersey Gallia Foxden Albany Century 
l 1.66 1.75 1.83 1.95 5.09 5.26 
2 1.84 1.90 1.99 5.12 5.22 5.52 
8 5.13 5.20 5.14 5.47 5.52 5.75 
i 5.47 5.64 5.38 5.87 6.08 6.10 
5 5.92 6.03 5.73 6.26 6.58 6.48 
6 6.39 6.55 6.32 7.09 7.64 6.96 
7 7.01 7.77 6.88 8.53 8.88 7.72 
8 8.37 9.44 8.00 9.42 9.34 8.62 
9 9.80 10.14 9.33 10.03 9.91 9.53 
10 10.13 10.38 9.88 10.19 10.10 9.90 
Change 
in pH 5.47 5.63 5.00 5.24 5.01 4.64 
Sample Black Heavy 
No. System Silko Core Green French Dousman 
l 5.86 5.91 6.38 6.94 7.04 7.12 
2 5.92 6.10 6.79 6.72 7.18 7.17 
R 6.04 6.39 7.17 6.92 7.30 7.20 
H . 6.23 6.72 7.57 7.22 7.48 7.36 
5 6.53 7.11 8.30 7.96 7.76 7.71 
6 7.35 7.87 9.52 8.77 8.37 8.22 
7 8.39 8.69 9.76 9.46 9.05 8.82 
x 9.29 9.50 10.11 10.07 9.62 9.45 
9 9.98 9.99 10.39 10.39 10.00 9.88 
10 10.28 10.26 10.55 10.54 10.35 10.14 
Change 
in pH 1.42 1.35 4.17 3.60 3.31 3.02 





be seen that they all have the same general shape, 
though some of them show a more rapid change in pH 
per unit of Na,CO, added, than others do. The fol- 
lowing facts about these curves can be stated here: 

1. All of the sands tested showed their greatest 
change in pH_ between 0.020 and 0.200 per cent 
Na,CO3, with the exception of the Black Core sand, 
which began to change pH fairly rapidly as low as 
0.005 per cent Na,COs. 

2. The pH curves of all the sands tested showed a 
tendency to level off at a concentration of 1.00 per 
cent Na,CO,;, with- the possible exception of the 
Gallia Sand. 

3. The knee of the curve in all cases seemed to be 
very close to a concentration of 0.500 per cent NasCOs. 

4. All of the sands showed a continuous increase in 
pH as more Na,CO; was added, except the Heavy 
Green Sand, which actually showed a decrease in pH 
with the first addition of 0.002 per cent Na,COs. 

5. All of the sands tested on the acid side in their 
natural condition, except the Dousman and French 
molding sands, which were slightly on the basic side. 

6. The pH of the new sands varied from a low of 
4.66 for the Millville gravel to a high of 7.12 for the 
Dousman. (As a matter of interest, it can be pointed 
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out that these are both very coarse sands, and are 
used for similar purposes in the foundry.) 
7. In the same sands, after treating with a 1.00 per 
cent NasCO;, the lowest pH was 9.88 for the Gallia 
and the highest reached was 10.55, which was the high 
value for the Black Core sand. 

8. The New Jersey sand showed a total increase of 
5.63 in pH value, which was the highest for any of 
the sands tested. 


9. The Dousman sand showed an increase of only 
3.02 in pH value which was the lowest for any of the 
sands tested. 

10. In general, it may be said that the sands tested 
fell into three classifications: 

A—pH change between 3.00 to 4.00. These were 
the basic sands, Dousman and French, and their 
curves has only a gradual slope in the steepest por- 
tion. 
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B—pH change between 4.00 to 5.00. These sands 
included the Century, Silko, System and Black Core 
sand. Their curves had an intermediate slope at the 
point of most rapid change. 

C—pH change between 5.00 to 6.00. The curves 
for these sands exhibited a very steep slope with a 


‘rapid change in pH. The sands in this classification 


were New Jersey, Millville, Foxden, Albany, and 
Gallia. 


Having established the preceding data for the pH 
curves of the 12 sands, it was decided to investigate 
three of them in order to determine if: 

a. A change in pH value would have any desirable 
effects on the physical properties of the sand, and 

b. The amount of Na,CO; added to produce these 
changes could be related to any particular portion of 
the pH curve. 
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Screen analyses and A.F.S. clay content of these 
three sands are tabulated below. 


ScREEN ANALYSES AND A.F.S. CLAY CONTENT FOR THE 
THREE SANDS USED IN THIS INVESTIGATION 














U.S. Sieve Series Foxden System Black Core 
Retained on U.S. Sieve No. 6 none none 1.6 
= _ > -) a none 0.1 5.8 
. Tela 43 ~ aa 0.3 0.2 15.2 
ij aia ‘ 7 ae 1.4 0.5 13.2 
‘ ack i: a ” 40 1.6 2.1 18.9 
‘i a i “a - § 13.6 7.9 14.3 
“ ay acs . ak 16.6 18.3 9.5 
s a a ” 100 29.3 29.0 6.4 
x 7 3 ” 140 18.7 19.6 2.6 
' aT gs 6 ” 200 4.1 5.1 1.2 
= er : ” 270 0.7 1.5 0.8 
Material passing 270-mesh Sieve 2.3 2.8 1.8 
Total Sand Grains 88.6 87.1 91.3 
AFS Clay Content (—20 microns) 11.4 12.9 8.7 
Total (Grain plus Clay) 100.0 100.0 100.0 





Experiments with Foxden Low Bond Molding Sand 


This was the first sand selected for testing, because 
it is a commonly used grade of foundry molding sand, 
and since it fell in Class C above, it was felt that 
there might be more opportunity for showing an im- 
provement with pH control than there would be with 
a sand, for example, from Class A, in which class 
there is only a small and gradual change of the pH 
value. 

For the first part of this test five 3000-gram samples 
of this sand were mulled in an 18-in. Simpson labora- 
tory muller for 2 min dry and 3 min wet. Each sam- 
ple was prepared with a different moisture content, 
covering the range from 3:to 7 per cent. No other 
additions were made. These samples were then tem- 
pered for several hours in sealed cans, and tested at 
their normal pH value of 4.95 for the following prop- 
erties: 

1. Moisture 

2. Green Permeability 

3. Greeri Compression 

4. Green Shear 

5. Mold Hardness 
6. Density 
7. Dry Permeability 

8. Dry Compression 

The results obtained in this series of tests are pre- 
sented in Table 2. 

TABLE 2—PROPERTIES OF FOXDEN SAND ys MOISTURE 
(At pH of 4.95—no additions) 





Moisture 3.00 3.89 4.68 5.73 6.55 
Green Permeability 58.7 552 56.8 55.7 51.5 
Green Compression 11.0 7.9 5.7 4.6 3.9 
Green Shear 2.5 1.6 1.2 1.0 1.1 
Dry Permeability 66.0 64.7 71.0 74.5 70.0 
Dry Compression 23.5 40.4 45.1 53.8 66.9 
Dry Shear 5.0 7.1 6.7 9.1 13.9 
Mold Hardness 88.7 83.0 76.7 69.0 66.7 


Density (gr/cu in.) 25.8 26.0 26.1 26.6 27.1 





From the above figures it will be seen that this sand 
behaved in a normal manner by showing the conven- 
tional changes in its properties as the moisture con- 
tent was increased. 


SAND PROPERTIES Vs p} I 


In order to demonstrate the effect, if any, of chane- 
ing the pH of this sand it was decided to run a secon | 
series of tests over the same range of moisture but at 
a pH of approximately 10. The pH curve for Foxden 
Sand shows that this value can be obtained with an 
addition of 0.500 per cent Na,CO;. This particular 
point was selected since it happened to fall on the 
knee of the pH curve, beyond which further additions 
of Na,CO; had only slight effect on the pH of the 
sand. 

Consequently, five more 3000-gram batches of the 
Foxden Sand were prepared in the laboratory muller, 
by mulling the sand dry for 2 min, and with the water 
added for an additional 3 min. These mixes were 
made up with approximately 3, 4, 5, 6 and 7 per cent 
water. Fifteen grams of Na,CO, (0.500 per cent) was 
dissolved in the water in each case, before wetting the 
sand, in order to produce the pH of 10, which is about 
twice the pH value of the untreated sand. The sev- 
eral batches of sand were allowed to temper overnight 
in sealed cans, and were then tested for the same 
physical properties as before. The results obtained 
from this series of tests are shown in Table 3. 

TABLE 3—PROPERTIES OF FOXDEN SAND vs MOISTURE 
(At pH of 10.00—0.500% Na,CO, added) 





Moisture 3.25 3.95 4.84 5.70 6.50 
Green Permeability 63.8 66.1 62.7 59.9 56.1 
Green Compression 8.5 5.7 4.4 3.7 3.2 
Green Shear 1.9 14 1.1 1.0 0.9 
Dry Permeability 71.5 79.0 80.0 80.5 80.5 
Dry Compression 63.1 92.4 338.0 398.0 479.0 
Dry Shear 10.8 15.3 27.9 31.5 44.3 
Mold Hardness 83.3 73.0 68.3 63.6 55.0 
Density (gr/cu in.) 25.5 25.9 26.4 26.8 27.2 





From a comparison of the test results presented in 
Tables 2 and 3 it will be seen that by the addition of 
0.500 per cent Na,CO,; to increase the pH from 4.95 
to 10.00, that the green strength and mold hardness 
were reduced, while the dry strength was increased by 
700 per cent. 

These figures indicate that treatment of Foxden 
sand in this manner offers tremendous possibilities 
wherever a high dry strength is required, as for ex- 
ample, in dry sand cores. Although the green strength 
of the sand was decreased by the pH change in this 
series of tests, it is still believed that the very great 
increase of 70 per cent in dry strength would more 
than offset the relatively small loss of 28.0 per cent in 
green strength. Furthermore, this reduction in green 
strength should make the sand more flowable, which 
seemed to be the case as well as could be told by the 
feel of the sand while testing. It may be also noted 
that while the gain in dry strength increases rapidly 
at higher moisture that the relative loss in green 
strength becomes less, so that at 6.50 moisture it is 
only 18.0 per cent as compared to a loss of 28.0 per 
cent at 3.90 per cent moisture, which was the point of 
maximum change. 

Having now determined the change in the proper- 
ties of this sand produced by (1) variation in moisture, 
and (2) increase in pH from 4.95 to 10.00 by the 
addition of .500 per cent NasCOs, it was next decided 
that it would be of interest to investigate the effect on 
the sand properties that would be produced by hold- 
ing the moisture constant and progressively increasing 
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the pH value with additions of Na,COs. 

For this series of tests it was decided to use a mois- 
ture content of approximately 4.00 per cent, which 
seemed to be the temper point* for this sand. Conse- 
quently, seven 3000-gram batches of sand were pre- 
pared in the same manner as for the previous tests. 
The first batch did not contain any additions of 
Na.CQOs, and so had the normal pH of 4.95, which was 
the value determined for this sand when obtaining 
data for its pH curve. The other six batches were 
treated with varying amounts of Na,CO, of from 0.005 
to 0.500 per cent. The amount NasCO, added to each 
batch, its pH value, and the physical properties ob- 
tained are presented in Table 4. 

TABLE 4—PROPERTIES OF FOXDEN SAND vs pH 
(pH changes produced by additions of Na,CO,) 
pH 195 547 625 720 8.50 9.40 10.00 
Percent Na,CO, None 0.005 0.020 0.050 0.100 0.200 0.500 
Grams of Na.CO, None 0.15 0.60 1.50 3.00 6.00 15.00 





Green 

Permeability 54.2 65.5 67.6 64.8 67.7 66.9 66.1 
Green 

Compression 79 6.3 6.0 6.1 5.7 5.2 5.7 
Green Shear 1.6 1.5 1.4 1.3 14 12 1.4 
Dry Permeability 64.7 78.5 82.0 81.5 83.0 84.5 79.0 
Dry Compression 40.4 34.3 47.0 59.9 63.0 77.0 924 
Dry Shear 71 653 6.8 7.9 a7 223 WS 
Mold Hardness 83.0 78.7 766 76.7 74.0 74.5 73.0 
Density gr/cu in.) 26.0 25.6 25.6 25.6 256 25.9 25.9 





It will be noted that the changes in the physical 
properties of this sand that are produced by increas- 
ing the pH at constant moisture, are of the same na- 
ture as the changes produced in the second series of 
tests where a higher pH was held constant and the 
moisture increased. _ 

The preceeding test results indicate, that for this 
particular sand, there is a continuous decrease in 
green strength at the moisture tested (4.00 per cent) , 
while the dry strengths become progressively higher, 
as the pH value of the sand is increased by additions 
of Na,COs. Similar tests made at other moisture con- 
tents and possibly with other additions for pH control, 
might produce quite different results. Time did not 
permit an investigation of these possibilities. 

We can conclude, from the work done on this sand, 
that the most interesting possibilities for a practical 
foundry application, would be to try the Foxden sand 
tempered to about 6.50 per cent moisture, with a pH 
of 10.00 (0.500 per cent Na,CO, added) in some dry 
sand work in the foundry where a high dry strength 
would be of advantage. It might successfully and eco- 
nomically replace pitch, clay or other binders that are 
used for promoting dry strength in the sand. 

Experiments with a Foundry System Sand 

In making these investigations of the feasibility of 
pH control for foundry sands, it was well appreciated 
that every type of sand and foundry mixture would 
present a new problem and probably would produce 
different results when subjected to the same pH treat- 
ment. With this fact in mind, it was decided, now 
that a new molding sand had been tested, to investi- 
gate an operating foundry sand right from the system. 

* This point is generally conceded to be at that moisture 
content where the sand shows its maximum permeability. 
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This would provide an opportunity to discover the 
effect of the various additions made in the foundry 
upon the results obtained by pH control with Na,COs. 

The sand selected for this series of tests was ob- 
tained from the same foundry as the Foxden sand. A 
100-lb sample was taken right from their sand system. 
In addition to the Foxden sand, this system sand also 
contained some Albany sand plus small amounts of 
wood flour and bentonite. 

The pH curve for this sand was obtained in the 
same manner as described previously for the other 
sands. It happened to fall in class B, since it showed 
a total change in pH of 4.42 under the test conditions 
used. 

For the test work on the sand the same procedure 
was used as for the Foxden sand. First, five 3000-gram 
batches were prepared in the laboratory muller at 
different moisture contents covering the range from 
3 to 8 per cent, but all at the same pH value of 5.86. 
After mulling, each batch was placed in an air-tight 
gallon can and allowed to temper for several hours. 
Following this tempering period, each batch was sub- 
jected to the same standard A.F.S. sand tests as were 
performed on the Foxden sand. 

The flowability and density were also determined. 
Flowability was measured with Dietert attachment 
for the sand rammer. In performing this test the 
standard 2-in. specimen is rammed three times to a 
height of 2 in. and then given a fourth blow with the 
rammer head. At this point the plunger of the flowa- 
bility indicator is brought in contact with the head of 
the ramming post, and the dial of the indicator set at 
zero. The specimen is then subjected to a fifth blow 
of the rammer. The dial indicates the amount of 
compression in the specimen at this point as per cent 
flowability. The density is obtained by dividing the 
weight of the sand specimen in grams by its volumes 
(22 cu in. for a 2-in. cylinder), after three rams. 

A tabulated list of the test results will be found in 
Table 5. 


TABLE 5—PROPERTIES OF SYSTEM SAND vs MOISTURE 





Moisture 3.69 4.84 5.94 6.78 7.56 
Green Permeability 46.0 50.6 47.5 44.5 39.3 
Green Compression 10.3 6.4 5.2 4.3 3.6 
Green Shear ° 2.0 1.8 12 1.1 1.0 
Dry Permeability 55.0 64.0 64.3 61.8 59.5 
Dry Compression 38.4 66.5 92.1 111.0 114.0 
Dry Shear 1.9 9.1 10.3 18.5 22.9 
Mold Hardness 89.0 79.7 70.3 67.0 60.7 
Flowability 74.0 73.0 75.0 77.0 79.0 
Density (gr/cu in.) 25.8 26.3 27.4 28.1 28.7 





A study of the figures in Table 5 shows us that the 
properties of this sand are quite sensitive to changes 
in moisture. These changes caused by increasing the 
amount of water added to the sand show that the 
green strength drops off rapidly, while the dry com- 
pression and dry shear increase rapidly. 

It is interesting to note that the maximum figures 
given in Table 5 show that the sand properties which 
are adversely affected by increasing the moisture con- 
tent of the sand, have their highest value at the lowest 
moisture. Conversely, those properties whose increase 
is promoted by using more water, have their maximum 
values occur at the highest moisture content. The two 
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exceptions to these general observations are. the green 
and dry permeabilities. They each reach a maximum 
at an intermediate moisture content which we have 
referred to as the temper point. 

With this basic information at hand, the next step 
in examining this sand was to determine the effect on 
it of changing the pH value from 6.30 for the un- 
treated sand up to 10.20 by successive small additions 
of Na.CO ;. For this purpose four 3000-gram batches 
of the sand were prepared in the laboratory muller 
the same as before. 

The first was not treated, the second had 0.015 per 
cent, the third 0.075 per cent and the fourth 0.300 per 
cent Na,CO; added with the tempering water, which 
was held constant at approximately 4.50 per cent for 
this series of tests. 

This particular moisture content was selected by re- 
ferring to Table 5, which shows that the highest green 
permeability was produced at about this point. As 
explained before, the per cent of water producing the 
highest green permeability in a given sand is con- 
sidered to be the temper point for that sand. 

Each sample was tempered for several hours and 
then tested. A complete list of the test results will be 
found in Table 6. 


TABLE 6—PROPERTIES OF SYSTEM SAND vs pH 


(At approx. 4.50% constant moisture—pH control with Na,CO,) 





pH 6.30 6.78 8.64 10.20 
% Na CO, None 0.015 0.075 0.300 
Grams of Na,CO, None 0.45 2.25 9.00 
Green Permeability .50.6 50.3 54.7 57.1 
Green Compression 6.4 9.9 7.7 7.9 
Green Shear 1.8 2.1 1.6 1.9 
Dry Permeability 64.0 58.4 66.1 68.0 
Dry Compression 66.5 62.1 74.7 93.5 
Dry Shear 9.1 7.5 7.8 11.3 
Mold Hardness 79.7 84.0 79.0 80.3 
Flowability 73.0 70.2 73.0 72.5 
Density (gr/cu in.) 26.3 26.3 26.3 26.3 





The important fact revealed by the pH tests on this 
system sand is that unlike the Foxden sand, the green 
compression and shear strengths were both increased 
by an increase in the pH value of the sand. The per- 
meability and dry strengths were also increased in both 
sands. This is felt to be an important fact, since green 
strength is important in foundry sands, and if this 
property can be improved by additions as small as 
0.015 per cent Na,COs, there is a good possibility for 


TABLE 7—MAXIMUM PHYSICAL PROPERTIES OF 
SYSTEM SAND 





Moisture Constant 





Moisture Variable at 4.50% 

Property pH Constant pH Variable 
Green Permeability 50.6 57.1° 
Green Compression 10.3* psi 9.9 psi 
Green Shear 2.0 psi 2.1 psi* 
Dry Permeability 64.0 68.0* 
Dry Compression 114.0 psi* 93.5 psi 
Dry Shear 22.9 psi* 11.3 psi 
Mold Hardness 89.0* 84.0 
Flowability 79.0* 73.0 
Density 28.7 gr/cu in.* 26.3 gr/cu in. 


* Highest vaiue obtained for this sand 
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establishing strength control of a given sand by regu 
lating its pH value with NagCOs additions. 

Since we have been investigating the effect of bot! 
moisture and pH on this sand, it should be of interes: 
to compare the maximum physical properties obtaine« 
by each method. A comparison is made in Table 7. 

At first glance it would appear that moisture con 
trol offers the most possibilities for obtaining the de 
sired properties in the sand. However, pH contro! 
does offer the definite advantage of both higher green 
and dry permeability which is of particular impor 
tance in getting gases out of the mold rapidly. When 
this increase in permeability ¢an be obtained without 
going to a coarser sand, as is usually required, it will 
tend to improve mold conditions without sacrificing 
surface finish. 

Although the pH changes made at 4.50 per cent 
moisture in testing this sand did not produce quite as 
high green strength as was obtained at lower moisture, 
it did come within 0.4 lb of doing so, and might have 
equalled or exceeded the 10.3 psi obtained at 3.69 per 
cent H,O if another series of pH tests had been run 
at that moisture content. 

The best dry strengths were obtained at the highest 
moisture content and were somewhat higher than the 
best obtained at 4.50 per cent H,O with pH control. 
However, from the results obtained in testing the 
Foxden sand it seems fairly certain that much higher 
dry strengths would have been obtained at the higher 
moisture contents had the pH been stepped up with 
additions of Na,CO;. Unfortunately, time did not 
permit running all of the tests that would have been 
necessary to establish these points. 

We can conclude from the results obtained in this 
series of tests on a system sand that pH control does 
offer possibilities for improving green strength as well 
as the dry strength. In addition, all of the tests so far 
have indicated that both green and dry permeability 
will be increased by Na,CO, additions for stepping up 
the pH. Since all of these green and dry properties of 
sand are of vast importance to the foundryman, it 
may well be that pH control will develop into a new 
tool for rapid, economical control of sand properties. 


Experiments with Black Core Sand 


The third and final sand selected for checking in 
this investigation was a Black Core sand. This is a 
type of sand used in gray iron foundries for making 
large cores. In this particular case the sand was made 
up of a blend of Millville gravel from New Jersey 
and washed, reclaimed core sand plus some pitch. It 
is a Class B sand with an intermediate pH change sim- 
ilar to the pH curve for the system sand previously 
tested. 

This Black Core sand was deemed a strategic type 
of sand to investigate for possible improvement with 
pH control, since it was used in applications where 
considerable dry strength would be an advantage. 
From previous work on the Foxden and system sands 
we know that dry strengths can be materially increased 
by pH control with Na,CO;. In addition, previous 
test results indicated that we would also be justified in 
expecting an improvement in green strength and per- 
meability, both of which would be desirable. 
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As for the other sands, the first step in checking this 
sind was to determine the effect of moisture on its sev- 
eval physical properties. This was accomplished by 
preparing five batches of sand in the laboratory muller 
in an identical manner with moisture varying from a 
low of 2.96 to a high of 7.67 per cent. These sample 
batches were sealed in cans, allowed to temper over- 
night and then tested for the same physical properties 
as were the Foxden and system sands. A complete 
resume of the test results will be found in Table 8. 

From the above it can be seen that the effect of 
moisture on the properties of this sand is about the 
same as for the system sand except that the flowability 
is decreased to a minimum instead of increased as 
more water is added. This might be accounted for by 
the fact that the Black Core sand contained pitch 


TABLE 8—BAsiIC PROPERTIES OF BLACK CoRE SAND ys 
MOISTURE 
(At 6.46 pH—moisture variable) 





Moisture 2.96 4.20 5.19 5.86 7.67 
Green Permeability 62.0 138.0 125.0 108.0 48.7 
Green Compression 15.8 11.7 8.9 6.9 5.2 
Green Shear 3.3 2.6 1.9 1.7 1.4 
Dry Permeability* 66.7 _ - _ - 
Dry Compression 49.1 83.8 99.0 107.0 141.0 
Dry Shear 8.3 14.0 21.3 27.2 37.5 
Mold Hardness 88.0 87.0 81.0 79.0 71.0 
Density (gr/cu in.) 27.7 27.4 28.7 29.5 31.4 
Flowability 79.0 69.5 68.0 72.0 77.5 


*This property was not determined for this sand because 
the sand was so coarse that a good mercury seal could 
not be made in the dry permeability cylinder. 





which would tend to retard flowability, while the 
system sand contained wood flour which would tend 
to improve this property. 

It will be noticed that the maximum values for the 
properties of this sand occur at the same relative 
points as for the other sands previously tested. In 
other words, those properties that are augmented by 
more water reach their maximum value at the higher 
moisture content, and those that are favored by less 
water reach their maximum value at the lower mois- 
ture content. As before, the only exception is the 
permeability which reaches a maximum at an inter- 
mediate point commonly called the temper point. 

Having now established the variations in physical 
properties of this sand caused by changing the mois- 
ture content, the next series of tests was conducted by 
holding the moisture content constant at approxi- 
mately 5.80 per cent, and varying the pH value with 
additions of Na,CO;. A moisture content of 5.80 per 
cent was selected for this series of tests since this was 
the amount of water used in the foundry using this 
particular sand mix. Although this value is somewhat 
higher than the temper point for this sand, it was felt 
that any improvements in the properties of the sand 
that might be produced by increasing the pH value 
would be of a more practical value if the operating 
moisture content was used rather than the theoretical 
temper point. 

The pH values selected were taken from the pH 
curve for this sand at the toe, midway in the steepest 
part of the slope and at the knee of the curve. It was 
felt that one of these values would be most likely to 
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produce the optimum increase in the strength and 
other properties of the sand. 

Four 3000-gram batches of the Black Core sand were 
prepared in the laboratory muller. The first had no 
additions; the second, 0.005 per cent; the third, 0.035 
per cent; and the fourth, 0.200 per cent Na,CO, added 
with the temper water. The sample batches were 
placed in sealed cans after mulling and allowed to 
temper overnight. They were then checked for the 
same physical properties as the other sands. The re- 
sults of these tests are tabulated in Table 9. 

TABLE 9—PROPERTIES OF BLACK Core SAND vs pH 


(Moisture constant at 5.80% and pH varied by 
Na,CO, additions) 





pH 6.46 7.16 8.95 10.10 
% Na,CO, none 0.005 0.035 0.200 
Gram Na,CO, none 0.15 1.05 6.00 
Green Permeability 108.0 119.0 127.0 114.0 
Green Compression 6.9 7.3 6.2 5.2 
Green Shear 1.7 1.8 1.6 1.4 
Dry Permeability _ — — - 
Dry Compression 107.0 130.0 180.0 293.0 
Dry Shear 27.2 30.8 34.2 64.2 
Mold Hardness 79.0 79.3 75.6 69.0 
Density (gr/cu in.) 29.4 29.2 29.6 30.3 
Flowability 72.0 70.3 73.0 76.5 





It is of interest to note that the properties of this 
sand are affected by changes in pH in much the same 
manner as were the properties of the system stand ex- 
cept that the green permeability reaches a maximum 
instead of increasing continuously. 

From the data given in Table 9 it is again evident 
that by increasing the pH value of the sand with 
Na,CO, additions we have made a slight improvement 
in the green properties and a great advance in the dry 
strength of the sand. The green strength and mold 
hardness show their maximum at the smallest addition 
of Na,CO3, namely 0.005 per cent, while the dry 
strength, density and flowability all reach maximum 
values at the highest concentration of Na,COx, used, 
namely 0.200 per cent. The green permeability, on 
the other hand, rises to a maximum value at an inter- 
mediate point represented by an addition of 0.035 per 
cent Na,COsz. 

To correlate the changes made in the properties of 
this sand by varying the moisture at a constant pH 
(6.46), and varying the pH at a constant moisture 
(5.80 per cent), the maximum properties produced 
by moisture and pH respectively are compared in 
Table 10. 

TABLE 10—MAXIMUM VALUES FOR PROPERTIES OF 


BLACK Core SAND AT CONSTANT pH AnpD 
ConsTANT H,O 





At Constant pH At Constant H,O 
(6.46) (5.80) 
Property Variable H,O Variable pH 








Green Permeability 138* 127 
Green Compression 15.8 psi* 7.3 psi 
Green Shear 3.3 psi* 1.8 psi 
Dry Compression 141.0 psi 293. psi* 


Dry Shear 37.5 psi 64.2 psi* 
Mold Hardness 88.0* 79.3 
Density 31.4 gr/cu in.* 30.3 
Flowability 79.0* 76.5 


* Highest value obtained for this sand 
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From the data in Table 10 it can be seen that the 
one property which seems to be most affected by in- 
creasing pH with Na,CO, is the dry strength of the 
sand. Even though the other properties show higher 
values at other percentages of moisture, without 
Na,CO, additions, it is quite likely that if pH tests 
had been run at each moisture content tested, that 
even higher values would have been obtained. 


Foundry Test with Black Core Sand 


Up to this point all of the results reported have 
been based upon work done in the laboratory. In 
order to follow up this theory with some practical 
foundry experience arrangements were made to try 
pH control with the Black Core sand. This mix was 
selected since high dry strength was one of its more 
important properties, and from work previously done 
it appears that dry strength is one of the properties 
of foundry sand that is most affected by changes in the 
pH value. 

The Black Core sand mix is made up of molding 
gravel, reclaimed sand, pitch and water. It is used in 
making large cores, weighing several hundred pounds. 
The proportions used in this mix are as follows: 


BLAcKk Core SAND (NORMAL pH) 





Amount Weight Ib Per Cent 
Molding Gravel 20 Shovels 160.0 23.5 
Reclaimed Sand 40 Shovels 480.0 70.5 


Pitch 414 gal 40.5 6.0 
Water 114-2 gal (714%) _ - 


680.5 100.0 





According to work previously done this mix as given 
would have a pH value of 6.46 and a dry compression 
strength in the range between 49 and 141 psi. By in- 
creasing the pH with additions of NasCO, it was pos- 
sible to increase the dry strength to 293 psi at a pH of 
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was reduced from 414 to 214 gal. Test results on boi), 
treated and untreated core mix are given in Table | 

An examination of the above figures indicates th. 
by reducing the amount of pitch in this mix an! 
stepping up the pH value from 7.79 to 9.40, there h.:s 
been an improvement made in all of the physic:i| 
properties checked. In other words, the mix with tlic 
higher pH showed higher perm, green and dy 
strength and better flowability. 

The dry strengths reported on this test are consi|- 
erably higher than those obtained in previous tests 
made with this sand, probably on account of changes 
in the ingredients that took place during the several 
months that intervened between the two series of 
tests. 

The cores were examined as they came out of the 
drying oven and were found to be very hard with 
strong edges of knife-like sharpness. They disinte- 
grated readily when knocked out of the casting, and 
the surface finish adjacent to the cores was good. 

It was felt that after further experimenting it might 
be possible to omit the pitch from the mix entirely 
and build up the required dry strength with pH con- 
trol alone. 


Summary 


In the preceeding pages it has been demonstrated 
that by increasing the pH value of three different types 
of foundry sand with additions of Na,Cog, a marked 
improvement of their physical properties has been 
produced. 

A summary of the largest percentage increase, pro- 
duced by increasing the pH value for each property of 
the three sands tested, is shown in Table 12. 


TABLE 12—MAXIMUM INCREASES FOR EACH PROPERTY 
‘TESTED 


(From comparison of test results for all three sands) 





10.10 with 5.80 per cent moisture. To get this pH eg 
figure an addition of 0.20 per cent NasCO; was made Increase Na,CO, H,O 
to the sand. Per Per Per 
f , : r 7 Property Sand cent pH cent cent 

Biack Core SAND (ConTROLLED pH witH Na.CQs3) — —-— — — — 
Green Permeability | Foxden 22.7 6.25 0.020 4.00 
Amount Weight Ib Per Cent Green Compression System 54.6 6.78 0.015 4.50 
Molding Gravel 20 Shovels 160.0 94.10 Green Shear System 16.7. 6.78 0.015 4.50 
Reclaimed Sand 40 Shovels 480.0 72.39 Dry Permeability System 34.4 10.20 0.300 4.50 
Pitch 21% gal 29.5 3.40 Dry Compression Foxden 690.0 10.00 0.500 6.50 
Na,CO, 12 oz 0.75 0.11 Dry Shear Foxden 230.0 10.00 0.500 6.50 
Water 114-2 gal ee 7 Mold Hardness System 5.4 6.78 0.015 4.50 
ara stabi ceases Flowabiliiy Black Core 6.3 10.10 0.200 5.80 
663.25 100.00 Density Foxden 6.6 10.00 0.500 6.50 








In making these test cores it was decided best to pro- 
ceed cautiously, so an addition of approximately 0.10 
per cent Na,CO, was used, and the amount of pitch 


TABLE 11—EFFEcT OF pH ON BLack Core SAND 





pH 7.79 9.40 
% Na,CO, None 0.11 
Weight of Na,CO, None 12.00 oz 
Moisture 6.60 7.40 
Green Permeability 75.0 89.0 
Green Compression 8.0 9.2 
Dry Permeability - 175.0 
Dry Compression 1223.0 1303.0 
Density (lb per cu ft) 115.0 115.0 
72.0 83.0 


Flowability 





It is interesting to note from the information in 
Table 12 that the maximum value for all green prop- 
erties and mold hardness occur at relatively low pH 
values in the range between 6.00 and 7.00, while the 
maximum values for the dry properties, flowability 
and density occur at a much higher pH value of ap- 
proximately 10.00. 

The theory behind these changes in physical proper- 
ties caused by addition of an electrolyte to the sand is 
very complex, and it is not the purpose of this paper 
to discuss in detail the changes in the clay molecule 
that may have taken place which would account for 
the observed changes in sand properties. It is sug- 
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rested that those interested refer to the bibliography 
or references containing further information on this 
subject. 

However, it can be said that Johnson and Norton 
in their study of clay found that on adding the proper 
deflocculant to a clay-water mixture, the viscosity de- 
creases gradually until 3.5 ml of electrolyte per 100 gr 
of clay have been added, after which the viscosity 
drops rapidly. 

In other work on this same general subject Singer 
has concluded that deflocculation of clay tends to re- 
duce green strength and increase dry strength, al- 
though subsequent reflocculation will reduce the 
reverse effect. The addition of flocculants to the raw 
clay produce the same changes as reflocculation. 

In these tests it has been shown that additions of 
Na,CO; to a natural molding sand (Foxden) have 
reduced green strength and increased dry strength. 
These results appear to check with Singer’s theory, 
namely, that addition of a deflocculant such as Na,COx; 
to a clay tends to reduce green and increase dry 
strength. 

However, with the other two sands tested each 
showed considerable improvement in green strength at 
small concentrations of NasCOsg, and while one suf- 
iered a small initial loss in dry strength they both 
showed a large increase in this property at higher 
Na,COgs concentrations. 

This apparent digression from Singer’s theory on 
the effect of deflocculation may be explained by the 
fact that both of these latter two sands contained other 
additions such as bentonite, pitch, wood flour, etc., 
which might account for an initial flocculation of the 
clay and consequently higher green strength. 

In making an investigation of this nature, particu- 
larly on complex foundry sand mixtures, it is realized 
that the variables are many and the theory sometimes 
difficult to explain. However, cause and effect can be 
measured and even though the pH value does not in- 
dicate the state of deflocculation existing in the clay, 
it is still felt that it may be a quick, simple and accu- 
rate method for controlling electrolyte additions to 
the sand system. 

There does appear to be some relation between the 
portions of the pH curve from which the amount of 
Na,CO; to be added is selected and the resulting 
changes produced in the properties of the sand. In 
general, small amounts selected from the toe of the 
curve promoted the best increases in green strength, 
while the large amounts selected from the knee of the 
curve produced the highest dry strengths. 

Although increases in all of the properties of the 
sands tested were obtained in at least some of the 
tests, the most remarkable increase was that of 690 
per cent for the dry strength of Foxden sand at 4.00 
per cent moisture with 0.500 per cent Na,CO, added, 
which produced a pH value of 10.00. 

Since the best green strengths were produced at 
small concentrations of Na,sCOs3, it would be neces- 
sary to control the pH of the sand very closely if one 
expects to get the maximum benefit from this type of 
control, 

pH control would have a practical value where the 
equired bond strength in a given sand could be de- 
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veloped at a lower moisture, or with a smaller pro- 
portion of bond clay in the sand. It is highly probable 
that with pH control in the foundry, both the green 
and dry strengths could be held within close limits. 

The thought is advanced that each type of sand is 
evidently a special problem, and the effect of pH con- 
trol on its properties is difficult to predict without first 
constructing a pH curve and conducting certain lab- 
oratory tests, as outlined in this paper. 

Although considerable time and effort were spent 
in collecting and analyzing the preceeding data, there 
still remains much work to be done before a thorough 
knowledge is obtained of pH and its relation to foun- 
dry sands and their properties. It is suggested that 
future work might well be directed along the lines of 
trying other agents than Na,CO, for producing pH 
changes and also investigating pH changes over a wide 
range for each per cent moisture used to temper the 
sand. 

High clay sands should also offer a fertile field for 
pH work. The highest clay content of any of the three 
sands tested in the work was approximately 11.0 per 
cent. It would also be of great interest to know how 
pH affects the hot properties of foundry sands, and 
the surface finish of actual castings made in these 
sands. 

Conclusions 

1. Increasing the pH value of a foundry sand re- 
sults in certain improvements to the physical proper- 
ties of that sand. 

2. pH control may be useful for producing large 
molding sand cores without the benefit of the usual 
binders used to promote dry strength. 

3. pH control may enable us to get more strength 
from our clays so that we can reduce the amount of 
clay needed, and consequently operate our sand with 
less moisture. 

4. To increase the green strength of certain sand 
mixtures by pH control it is necessary to add only a 
very small amount of Na,CQOs. 

5. The dry strength showed the largest percentage 
increase of all the properties tested. 

6. Whereas the dry strength increased in almost 
direct proportion to the pH value of the sand, the 
green strength reached a maximum at a relatively 
slight increase in pH. 

7. Permeability is definitely improved by increas- 
ing the pH value of a sand. 

8. Changes in sand properties caused by addition 
of the electrolyte Na,CO; may be best explained by 
Singer’s theory that the deflocculation* of the clay 
caused by this addition tends to reduce green strength 
and increase dry strength. However, the presence of 
ingredients other than clay in the sand mix may cause 
an initial flocculation of the clay which would tend to 
increase green and lower dry strength. 

9. There is still much work to be done on pH and 
its effect on foundry sands. It is suggested that the 
effect of other electrolytes on sand properties should 
be more thoroughly investigated, more complete in- 

* Barker and Truog state that clays treated with Na,CO, to 
increase the pH value will become more plastic, although this 
improvement may be destroyed if the pH value is allowed to 
go too high. 
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vestigations of pH at several moisture contents for 
each sand should be made, and sands with higher clay 
content should be tested. The hot properties of pH 
controlled sands might also offer interesting possi- 


bilities. 
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DISCUSSION 


Chairman: H. K. SAtzperc, The Borden Co., Bainbridge, 
ie F 

Co-Chairman: J. A. RAssENFoss, American Steel Foundries, 
East Chicago, Ind. 

H. W. Dierert:' Did the author measure pH of oil sand core 
mixtures to determine the effect on green strength? 

Mr. Bootn: I did not investigate the effect of pH on oil sand 
cores. However, I have heard from other sources that the pH 
does have an effect but since time was limited there were many 
features of pH control, including this one, that I was not able 
to work on. That is one of the things somebody should investi- 
gate further. I do not believe there has been anything published 
on the subject, at least not to my knowledge. 

I might mention that I did have a case brought to my atten- 
tion recently where the pH factor did prove to be a major 
variable. It seems Dr. Ries was trying to check some sand tests 
with a laboratory at Columbus, Ohio. Everything was being done 
identically but still the sands did not check. It was not until Dr. 
Ries suggested that the Columbus laboratory send him a gallon 
bottle of their water that he found out why they did not check. 
When he used Columbus water in Ithaca, he checked Columbus, 
and when Columbus used Ithaca water in Columbus, they 
checked Ithaca. There was enough difference in the pH value 
of the water from the two sources so that they could not check 
when each used their own local water. That is just another 
example of pH control. 

G. W. Curtis:* Several years ago I conducted a lengthy 
investigation of the effect on physical properties of core sand 
and several residual products found in reclaimed sand. The 
waste foundry sand was reclaimed by thermal methods. We 
found that the physical characteristics of the reclaimed sand 
were sometimes erratic because of the residual products of cal- 
cination. 

In an aluminum foundry we found a certain amount of 
aluminum. oxide. In a magnesium foundry we found a certain 
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amount of magnesium oxide. Investigation proved that the: 
oxides influenced core strength and core hardness. This invest 
gation gradually led into a more detailed investigation of pH. 

In general we found the maximum core strengths to be ol 
tained at a pH of 7.0. As the pH increased above 7.0 or in th 
alkaline range core strengths dropped off sharply. The shar; 
ness of this drop, however, was variable depending upon t! 
chemical that was being added to control pH. 

Furthermore, we found that cereal bonded cores alone, thi 
is, with no oil present, were improved in dry strengths as th: 
PH increased in the alkaline range. 

H. W. Meyer:* We do not measure pH. However, knowine 
the effect of acids and basis on clays, we use this knowledge an«! 
make necessary adjustments to get better suspension of silic. 
flour in core and mold washes. We have observed that the us: 
of some core oils will lower the green strength, and make the 
sand mix feel sharp and brittle. Core oils responsible for this 
condition were found to have higher acid number. 

E. C. SAwyeErR:* We ran some tests on our Tennessee sands 
several years ago but they were not as elaborate as that of the 
author. The author states that as the green srength increases 
the flowabiliy increases alse. It is my recollection that in our 
tests the opposite was true, i.e., as the pH went down the 
flowability went up. 

Mr. Bootru: Unfortunately, the Tennessee sand I tested was 
the first one used in this investigation and I did not make a 
flowability test on it. However, I do have the flowability figures 
for the system sand which was about 90 per cent Tennessee sand, 
and the figures I obtained do not show any great effect. For 
example, in the pH range from 6.3 to 10.2 I ran four tests and 
the flowability figures were 73, 70.2, 73 and 72.5. That is almost 
a straight line relationship. That was done with the flowability 
attachment for the sand rammer which was the only way I had 
to measure it. Whether it would show any difference by another 
test method I could not say. 

H. H. Farrrietp:® Phenol formaldehyde, urea formaldehyde 
and other synthetic resins used as binders are extremely sensi- 
tive to pH. A number of these products contain a buffer. The 
PH is adjusted to control the setting time of the binder. If the 
pH of the water in your core mixture changes that, then the 
baking speed of your plastic binders will be changed. There- 
fore, I believe the pH control is just as important in the core 
as in molding sands. 

CHAIRMAN SALZBERG: We will have to pay considerable atten- 
tion to pH in the sand systems which contain synthetic resins 
as binders. 

T. W. Curry:* Would the author explain his sampling pro- 
cedure for pH control of a natural bonded heap sand. 

Mr. Booru: Sampling would depend to some extent on you 
sand handling system. If you are operating with sand heaps, 
you would probably take a sample from the heap, just as you 
would for other sand tests, such as the strength test. You need 
only a 20-gram sample. However, it would probably be better 
to take a larger sample and quarter it down, so you will get it 
as representative as possible. 

If you are operating a shop with a conveyor system, it would 
be comparatively simple to take the sample right off the con- 
veyor. After you once get the sample, it is easy to quarter it 
down. 

The pH test is very simple. You simply mix the sand sample 
with water, put it in a pH meter, balance the instrument and 
you read the pH value direct from the dial. If you are using 
pH control on your sands, the way to add your electrolyte would 
be to premix it with your tempering water since you use such 
small amounts that it would be difficult to blend thoroughly if 
added dry. In the case of the black core sand where we actually 
did increase the pH, we added 12 oz of carbonate to about a 
gallon of water and then poured the solution into the muller. 
Then we added enough additional tap water to get the mois- 
ture we wanted. 

J. M. McBroom:* Do you have any information on the wet- 
ting effect of changes in pH? 


2 Nichols Engineering & Research Corp., New York 

® General Steel Castings Corp., Granite City, Ill. 

* Central Silica Co., Zanesville, Ohio 

5 The Wm. Kennedy & Sons, Ltd., Owen Sound, Ontario, Canada 
® Lynchburg Foundry Co., Lynchburg, Va. 

7 Stainless Foundry & Engineering Co., Milwaukee 








3. H. Bootu 


Mr. BootH: Do you mean the way the metal wets the sand 
or the wetting effect of electrolytes on the sand mix? 

Mr. McBroom: You speak of putting wetting agents in the 
sand with your tempering water. If you put your carbonate in 
the water and use that as a means to add your carbonate to the 
and, will it change the wetting effect so that you can get the 
effect of a wetting agent? 

Mr. Bootu: That is something I have noticed by feel. I had 
no way to evaluate it but it did seem that when we were using 
these sands and adding carbonate to increase the pH, that a 
sand of the same moisture content would appear to be wetter, 
when treated with the electrolyte. If you use quite a bit of 
bentonite, the effect might be different than that observed on 
the natural molding sands used in these tests. Bentonite is a 
basic bond. It has a pH of about 9. All these clays that I have 
tested were around 7 or lower, so a shop using synthetic sands 
with bentonite would present a new problem on which I do not 
have any figures to report. 
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Anything you add to the sand is quite likely going to affect 
the pH value. If you use some wetting agent which I did not 
use in any of these sands, that introduces another variable. If 
you start using cereal binders, wetting agents, bentonite, iron 
oxide, and other commonly used foundry materials, the first 
thing you have to do is take your basic sand mix and run a 
pH curve, and then try some tests. Otherwise, you will not 
know whether you are going to increase or decrease the green 
strength or what you are going to accomplish by these additions 
of electrolyte. You must find out. Every sand and every elec- 
trolyte will produce different results. 

CHAIRMAN SALZBERG: To supplement that statement some- 
what, the wetting agents are of many different classes and some 
are resistant to alkalis, some to acids, and some are resistant to 
both. So it would be well to specify the wetting agent being 
used in conjunction with the alkali to determine what the total 
effect will be. 








EFFECT OF SLAG TYPES ON 





HEAT 


TREATMENT OF MALLEABLE IRON 


By 


G. Vennerholm and H. N. Bogart* 


AS MODERN DEVELOPMENTS in Cast iron metallurgy 
have focused increasingly on improved production 
methods, means of speeding up the rate of malleabili- 
zation of malleable iron have received considerable 
attention. Such means as the use of high-silicon chem- 
istry; addition of boron to control chromium residuals; 
addition of inhibitors such as tellurium and molyb- 
denum to control the tendency of the white iron to 
mottle; and the use of carefully controlled atmosphere 
furnaces have received wide publicity. Likewise, im- 
proved melting control inside the cupola and the air 
furnace has been extensively considered. 

Less attention has been given to the practice of 
using siraight electric furnace melting as a source of 
white iron for the production of malleable. It is in 
this latter field that some of the experience of the 
Ford Motor Co. may contribute to the understanding 
of those factors influencing the date of malleabilization. 

During a wartime program necessitated by a shortage 
of malleable castings, the company’s steel foundry was 
called upon to produce malleable iron, using 15-ton 


* Ford Motor Co., Dearborn, Mich. 


metal. hh 


electric furnaces as a source of molten 
developing a process specification for this manufac 
ture, it was apparent that there was a lack of informa. 
tion about the details of the furnace operation. Fo 
this reason the original specification called for dead 
melting the heat to the proper chemical composition 
with an absolute minimum of correction prior to 
pouring; no attempt was to be made to control the slag. 

At an early stage it became apparent that chemical 
composition, alone, was not the complete measure o! 
the malleability of the white iron. One phase of the 
investigation into the causes of seeming abnormalities 
as regards susceptibility to malleabilization was the 
influence of conditions within the melting furnace, 
more specifically the influence of the melting furnace 
slag type produced. 

The initial investigation consisted of correlating the 
heat histories, including slag condition; the heat-treat 
susceptibility of representative castings from _ these 
heats; and the structure, metallographical and fracture, 
of the castings. 

The process specification to which initial production 
heats of iron were made was of the following order: 
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Fig. 1—Slag color ranges of the various heats and the effect on heat treatment susceptibility. 
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Cold melt heats shall be made in acid electric 
furnaces. The charges shall be composed of 40 
per cent back scrap, 35 per cent pig iron and 
25 per cent steel. 


The metal control shall be maintained by refer- 
ence to a standard 11,-in. fracture specimen for 
control of tendency toward mottling, and by 
periodic chemical analysis to the following limits: 


Per Cent 
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The heat treat cycle for the general run of malleable 
castings shall be as follows: 


Preheat to 1500 F and hold at this temperature 
for 2 hr, then increase the temperature to 1750 F 
and hold for a period of 13 hr. Remove the cast- 
ings from the furnace and air cool to a tempera- 
ture below 1200 F. Reheat the castings to 1380 F, 
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Fig. 2—Photomicrograph of annealed white iron which 
had a green furnace slag (below 18 per cent FeO). 


hold at this temperature for a period of 10: hr and 
cool at a rate of 25 degrees per hour to 1200 F 
and 50 degrees per hour from 1200 to 1100 F. 
The castings shall be removed from the furnace at 
1100 F and may be water quenched or air cooled. 


Graphical representation of the data is shown in 
the chart (Fig. 1). It may be seen that, when the finish- 
ing slags were black (25-35 per cent FeO), 100 per cent 
of the castings required recycling because of mottled 
fractures; when the finishing slags were dark green to 
black (23-25 per cent FeO), 50 per cent of the castings 
required recycling and 50 per cent were only fair in 
appearance; when the finishing slags were dark green 
(18-23 per cent FeO), 75 per cent of the heats were 
only acceptable malleable, while 25 per cent were 
good; and when the finishing slags were light green 
(up to 18 per cent FeO) , 100 per cent were good. 
Reference to Fig. 2 will show the microstructure of 
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a sample representative of the latter case, i.¢e., an an- 
nealed white iron which had a light green furnace 
slag, while Fig. 3 is representative of an annealed iron 
which had a black furnace slag. Both samples were 
given identical heat treatment according to the fore- 
going cycle. From the results obtained it is apparent 
that optimum susceptibility to heat treatment could 
be obtained by finishing all the electric furnace heats 
under slags containing less than 18 per cent FeO. 

To verify this conclusion, operating procedures in 
the melting practice were set up to take advantage of 
this finding. Melting-down was accomplished as previ- 
ously. However, when the melting-down was com- 
pleted, the slag was raked from the bath and a new 
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Fig. 3—Representative specimen of annealed white iron 
which had black furnace slag (over 25 per cent FeO). 


slag consisting of 4 parts of sand, | part of lime, and 
lf part of powdered ferromanganese added. The new 
slag composition approximated 10 per cent MnO, 15 
per cent FeO, 60 per cent SiO,, and 15 per cent CaO, 
and its color was light green. Any tendency for the 
slag to become too high in FeO was controlled by 
additions of lime to the bath. Early in the practice 
of the use of slag color as an additional control meas- 
ure, the following data were obtained from production 
heats in the electric furnace: 


Control Control 


Period A Period B 
Number of heats 92 48 
Green slags, per cent..... .. 55 75 
Dark green slags, per cent.... 18 10 
Black slags, per cent........ 27 15 
Good castings, per cent...... 61 89 
Recycled castings, per cent... 39 1] 


On the basis of these data, the process specification 
covering the electric furnace melting of white iron for 
malleable, as used by the authors’ company, was modi- 
fied to include the slag control outlined in the fore- 
going. Although no data are available on the applica- 
tion of similar controls in duplexing and cold melting 
air furnace practice, the indications here were so posi- 
tive that such an investigation would seem warranted. 
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DISCUSSION 


Chairman: R. P. Scuauss, Illinois Clay Products Co., Chicago 

Co-Chairman: W. D. McMILLAN, International Harvester Co., 
Chicago 

J. E. Renper:+ Control of slag analysis in steel-making 
practice has been considered essential for many years, and I 
think it is going to become an important practice in both 
malleable iron and gray iron melting. 

Mr. Bogart mentioned that when lime was added to the 
slag in the electric furnace, the FeO content of the slag im- 
mediately decreased. It undoubtedly did, but where did it go? 
Did it decrease by being driven into the bath and there reduced 
by carbon? Therefore, when lime was added was there a 
decrease in carbon content? 

It would also be of value to know whether any increase in 
lining erosion was experienced as a result of the lime addition. 
Electric furnace and air furnace melting practices differ, but 
the effects of lime on the acid lining should be similar. 

Mr. Bocart: We realize that erosion from the furnace may 
constitute a slight problem but in our practice it did not become 
apparent. There seemed to be some indication that the lime 
was neutralized somewhat by the silicon from the molten bath 
itself. I am certain that the banks and walls may have ac- 
counted for some of it. But in actual practice, we never got 
beyond the repair limit of the furnace. 

We do know that the lime will dilute the slag somewhat 
but then we are not maintaining that light a slag. As a 
result of that, it is not a matter of dilution and certainly some 
of the FeO must be forced back into the melt itself. The cor- 
rections we had to make were generally of a minor nature 
(replaced it with a mixture of 4 parts of sand, 1 part of lime 
and 14 part of powdered ferromanganese). If we got completely 
out of control and had a slag that was a dirty black, we would 
always rake it off. 

J. T. MacKenzie: * Calcium silicate slag is not nearly as 
corrosive as iron silicate slag, even up to 50 per cent calcium. 
A 25 per cent iron slag would be much more corrosive even 
than a 50 per cent calcium slag. 

Mr. Bocart: That point is very well made. 

C. F. JosepH:* We have been making iron by the cupola 
electric process 25 years. It has been our practice to melt in 
a cupola and then to use the electric furnace for holding and 
superheating. 

When we melted metal in the cupola using northern coke, 
as we did at one time, we used approximately 160 lb of coke 
per ton of iron melted. The total carbon and silicon ran about 
3.60 per cent. That particular slag from the cupola was black 
and the iron required a longer annealing time. As we went to 
the slow-burning coke, which came from Alabama, we were 
able to use approximately 200 to 250 Ib of coke per ton of iron 
melted in the cupola. The total silicon and carbon content 
increased to 3.9 to 4.2 per cent. That particular iron annealed 
much easier. It is my recollection that we were able to reduce 
the annealing time by 50 per cent in switching from the north- 
ern coke to the southern coke. Also, in changing ‘cokes, we 
went from a greenish black slag in the cupola to a lighter color. 
When using northern coke we had 14 to 18 per cent FeO and 
about 9 to 11 per cent MnO. When using the southern coke, 
the FeO dropped to 9 or 10 per cent, and the MnO, 5 to 6 
per cent. 

We were never able to control the making of the iron in the 
cupola by the color of the slag. Many times we took a steel rod 
and made a study of the slag at the slag spout trying to deter- 
mine the nature of the slag as it affects the chemical analysis 
of the iron. I am positive that the control of the slag, if it 
could be worked out, would have some influence on the carbon 
at the spout of the cupola. But as far as I know, it has been 
tried by a few people and nobody has come up with an answer 
like the blast furnace people who control their iron practically 
entirely from the nature of the slag. 

W. R. JAESCHKE: * My observations of slags have been in 
relation to casting properties of the metal. I have not carried 
these observations through to a study of their effects on anneal- 
ing characteristics. 

1 Metallurgical Engineer, Canadian Bureau of Mines, Ottawa, Canada 

2 Technical Director, American Cast Iron Pipe Co., Birmingham, Ala. 

8 Technical Director, Central Foundry Div., G.M.C., Saginaw, Mich. 


Certain parallels can be drawn between the work at Fo d 
Motor Co. and what has been happening in malleable foundries 
for years. In batch melting air furnaces, the general practice 
is to skim off the slag as soon as the heat is melted. This slg 
is black and high in iron oxide, but probably not so high is 
some indicated in this paper. The condition of this slag con 
be controlled to some extent by the furnace atmosphere during 
the melting down period. 

Generally, I melt with the least oxidizing condition possibie 
to prevent excessive iron oxide being formed. After the baih 
is melted down a more oxidizing flame can be used with less 
tendency to form iron oxide, because less surface of the metal 
is exposed. 

As first mentioned, the slags formed in the early part of the 
heat are skimmed off, but generally no new slag is made up to 
replace that which is skimmed off. The reason for not adding 
a slag is that a slag blanket is a heat insulator and would 
interfere to some extent with the thermal efficiency of the 
furnace. 

Slag blankets also retard carbon loss from the metal and 
this would be harmful to operators of duplex melting air 
furnaces where lower carbon than that of the incoming cupola 
metal is desired. 

In the cupola to air furnace duplex melting process, and in 
fact in any process in which the cupola is used, I have found it 
advantageous in promoting the best casting properties of the 
metal melted, to watch the cupola slags as an aid in control. 
Black cupola slags usually mean inferior casting properties and I 
regulate my coke charges to avoid black slags. For malleable 
foundry duplex melting cupolas I aim for a medium green 
slag, but for other cupola metal requirements, where higher 
carbons and higher temperatures are desired the slags will 
be lighter. 

These colors referred to are colors of water quenched slag, 
as those are the slags I have been dealing with mostly. Where 
water quenching or water slag disposal systems are not used, 
I usually catch a sample of slag in a water bucket. I do this 
because I believe the cooling rate of the slag is a factor in the 
slag color and water quenching gives more consistent results. 

As I mentioned earlier, my observations have been that there 
is a relationship between the casting properties of the metal 
and the iron oxide content of the slag. 

It is very likely that there is also a relationship between the 
annealing characteristics of the metal and the iron oxide content 
of the slag. 

J. H. Lansinec:* I would like to ask two questions of the 
authors of this excellent paper. Was there any substantial 
average difference in analysis between the light green slag 
metal which annealed readily and the dark slag metal which 
was more difficult to anneal? Were there any more additions 
of ferrosilicon, or whatever you used, in the case of the irons, 
that anneal easily, with a light green slag and those of the 
dark slags that did not anneal as readily? 

Mr. BocaArt: There was no substantial difference in chem- 
istry. They were all made with the limits quoted. We had 10 
points leeway on the carbon and 15 on the silicon. The test 
data were an average of 54 heats. 

CHAIRMAN SCHAUss: What effect did time have in the applica- 
tion of this slag to the skimmed bath? How long was your 
minimum time? 

Mr. BocartT: It took us 10 to 15 min to bring the slag color 
into line. 

Eric WELANDER:® You mentioned that black slags were as- 
sociated with a mottled appearance. I presume that refers 
entirely to annealed castings and does not refer to the usual 
mottled appearance. 

Mr. Bocart: The mottled appearance that I referred to is 
a misnomer. It is a mottled appearance in the annealed con- 
dition. 

Mr. WELANDER: Does it have anything to do with the mottled 
appearance we are accustomed to considering in white iron 
castings? 

Mr. Bocart: It was a malleable with a speckled salt and 
pepper appearance, with mixtures of some ferrite and con- 
siderable amounts of pearlite. 

* Foundry Equipment Dept., Whiting Corp., Harvey, IIl. 

5 Technical and Research Director, Malleable Founders’ Society, Cleveland 

® Metallurgist, Union Malleable Iron Works, East Moline, III. 
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E. C. ZupPANN:7 In the course of your investigation did you 
inake FeO determinations on the metal itself to find out 
whether the lime drove the FeO into the metal and whether 
or not FeO in the metal was the important consideration in 
your annealing cycle? 

Mr. BocarT: We assumed it was important. We did feel it 
was the FeO in the metal but did not analyze for it. 

Mr. ZuUPPANN: By adding lime to the melt you change the 
characteristics of the slag. With a non-lime steel slag, you 
consider roughly a 100:1 FeO ratio in the slag and metal. 
Addition of lime would change that ratio undoubtedly and 
you might be getting roughly the same amount of FeO in the 
metal even though you fool yourself by changing the color of 
the slag without materially changing the FeO in the metal. 

Co-CHAIRMAN MCMILLAN: I would like to have a little in- 
formation to clarify my thinking. My understanding is that 
the first group of heats were made finished and poured and 
that the slag, whatever it may have been with respect to iron 
oxide content, was not removed, no medicine slag was involved. 

Mr. Bocart: That is correct. 

Co-CHAIRMAN MCMILLAN: If the relative amount of iron 
oxide in the slag is an indication of the relative amount of 
oxidation the metal has undergone, then there is correlation 
with air furnace practice. Our experience is that when there 
has been excessive loss of manganese, carbon and silicon, the 
iron is characterized by a low graphite count with a correspond- 
ing resistance to anneal. This condition of resistance to anneal 
remains even when the composition has been brought to within 
the acceptable range of analysis for the cycle used. 

In the second group of heats the slag was removed and a 
synthetic slag put on the bath. The indications are that this 
synthetic slag corrected the condition of excessive oxidation if 
such a condition existed as a result of the melt down practice. 

Mr. Bocart: It was simpler to do that than to put in ‘the 
hands of the melting personnel the prerogative of slagging or 
not slagging, as they saw fit. 

Co-CHAIRMAN McMILLAN: Am I right in assuming that the 
prepared slag would correct a condition of excessive oxidation 
and that a normal graphite count resulted? 

Mr. Bocart: It did. 

Co-CHAIRMAN MCMILLAN: This is indeed good information 
to have. It may be that the idea may be worked out to apply 
to air furnace melting. 

Mr. Bocart: The heats we made were. melted in the same 
manner as the previous heats, so there was no difference there. 
We took the run-of-the-mine of materials that we had and the 
only difference was that, where previously 39 per cent of the 
castings required recycling, our first check period indicated 11 
per cent of the castings required recycling. We feel that the re- 
duction during the first check period was due to improvement 
in our slag practice, in other words, to the corrective measure 
Mr. McMillan speaks of. 

Mr. REHDER: Mr. McMillan brought up a good point. I 
touched upon it when I asked where the FeO went. It is hard 
for me to conceive that there is very much FeO present in the 
malleable iron itself. With the relatively large amounts of 
carbon and silicon present, both good deoxidizers, the iron 
should be well killed. As a matter of fact, in some Bessemer 
practice it is considered good deoxidation practice to add a 
small quantity of molten pig iron to the freshly blown metal. 
In the present case, iron that is unsatisfactory because made 
under a slag of high FeO content can be corrected by taking 
the slag off and applying a fresh lime-silica slag containing some 


powdered ferromanganese. Manganese is a good deoxidizer, 


T Metallurgist, Wilson Foundry & Machine Co., Pontiac, Mich. 
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and possibly the corrective effect could be obtained by adding 
the powdered ferromanganese alone. Would that have the 
same effect? 

Mr. Bocart: We tried it and it did not. 

R. SCHNEIDEWIND: * I am very happy that Messrs. Vennerholm 
and Bogart presented this paper. Some people take the stand 
that cast iron cannot be oxidized due to the high carbon and 
silicon in solution. I believe there is some oxide dissolved 
in both gray and white iron, and I feel the industry needs a 
test of the degree of oxidation of the metal. In the foundry 
industry, the best we have is a chill block or a wedge or a 
step bar. 

R. T. CLarK:*® Speaking of percentage of castings from a 
heat requiring recycling, how do you determine the percentage 
from a heat which requires recycling? 

Mr. Bocart: Early in our manufacture we used fracture lugs 
on all the castings in order to guarantee the structure at each 
casting delivered to the machine shop. As our practice in.proved 
we might have dispensed with them, but we did continue this 
accurate and inexpensive control. 

Mr. CLARK: Is there any other method beside fracture lugs 
for evaluating castings? 

Mr. Bocart: You can Brinell them. 

Mr. CLARK: Does that give you the answer? 

Mr. Bocart: I think it does fairly well, unless you have a 
gray iron that you have annealed. If you have a good white 
iron to start with and you end up with 120 to 125 Bhn, the 
hardness test will be satisfactory. 

Mr. LANSING: I think that the experimental work was very 
interesting and the preduction work, that was brought out was 
too. However, this paper did leave some misconception on the 
part of some as to reannealing of malleable castings. One of 
the questions asked is how often it was necessary to reanneal 
and when it was necessary, leaving the impression that that is 
more or less, standard practice. I believe that the standard 
practice in the industry is not to find it necessary to reanneal 
over approximately 1 per cent. 

D. P. Forbes: ® I would like to ask a question related to the 
one about annealing time in reference to slag. Was any rela- 
tionship found between the color or the composition of the 
slag and the tendency towards formation of either shrinks or 
cracks or hot checks in the castings themselves? There might 
be a connection there. 

Mr. Bocart: I presume there is a correlation. 

Co-CHAIRMAN MCMILLAN: In air furnace practice we have 
evidence that excessive oxidation retards anneal, induces cracks 
and lower fluidity. 

W. G. Ferreci:" I want to substantiate some of the things 
Mr. Bogart has said. Almost concurrently we got into the 
electric melting process that the author spoke about. I want 
to bring out the point regarding the time element of holding 
that metal in the electric furnace. We found it detrimental to 
hold that metal. The author mentioned to melt down the 
metal and pour. That is a fact. 

We went through the same experience the author did with 
FeO in the slag. We aimed for less than 18 per cent FeO in 
the slag. The time element, however, was a greater factor in 
electric furnace melting. The longer you hold the metal, the 
less chance you have of annealing it. 


8 Prof. of Chemical and Metallurgical Engineering, University of Michi- 
gan, Ann Arbor, Mich. 

® Asst. Chief Metallurgist, Salisbury Axle Div., Dana Corp., Fort Wayne, 
Ind. 

10 President, Gunite Foundries Corp., Rockford, II. 

11 General Works Mgr., Auto Specialties Mig. Co., St. Joseph, Mich. 





GRAPHITIZING BEHAVIOR 
OF WHITE IRON 


By 


S. C. Massari* 


THis RESEARCH COMPRISES a study of the graphi- 
tizing behavior of white iron of chilled car wheel com- 
position, annealed at temperatures ranging from 1600 
F to 2000 F so as to complete first stage graphitization. 
Annealing was conducted under conditions such as to 
practically eliminate initial graphitization while the 
metal was being heated from room temperature to the 
nominal temperature. The experimental results es- 
tablish the approximate time required to complete first 
stage graphitization and the type of graphite formed as 
a result of first stage graphitization. 


Experimental Procedure 
Two white irons were selected for this investigation; 
the first a typical chilled car wheel iron and the second 
a relatively low total carbon white iron of malleable 
iron composition. The analyses of each of the base 
metals is as follows: 
Low Total Car- 





Composition, Chilleq Car bon Malleable 
per cent Wheel Iron Iron 
Total Carbon ...... ...3.50 to 3.60 2.45 to 2.55 
ce cic.acs ceelegin an 0.50 to 0.60 1.10 to 1.20 
eee 0.50 to 0.60 0.35 to 0.40 
a 0.35 max. 0.14 max. 
MEE knew en conneanes 0.14 max. 0.12 max. 


Typical photomicrographs of the white iron of 
chilled car wheel composition are shown in Fig. 1. 

In order to minimize the length of time necessary to 
heat from room to nominal temperature, utilizing a 
high-speed abrasive cut-off wheel pieces of white iron 
54g x 84x V4, in. thick were cut from the white iron 
castings whose original sections were of the order of 
11% in. thick. At each of the temperatures, nine such 


* Technical Director, American Foundrymen’s Society, Chi- 
cago. 
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specimens were annealed by submerging them in . 
bath of molten lead which had previously been heaie:| 
to the nominal temperature desired. Thus the speci. 
mens were protected from oxidation and decarburiza 
tion, and probably attained the nominal temperature 
of the molten lead bath in a matter of seconds. Each 
of the specimens was tied to a nichrome wire to facili- 
tate their insertion and removal from the lead bath at 
the desired time intervals. The annealing tempera- 
tures studied were 1600, 1700, 1750, 1800, 1825, 1850, 
1900, 1950 and 2000 degrees F. 

The temperature of the lead bath was controlled by 
an automatic temperature controller, with a chromel- 
alumel thermocouple whose hot junction was im- 
mersed in the molten lead. When the lead bath had 
attained the desired temperature, the samples were 
immersed and held in the submerged position by 
plunging them under a block. of iron fastened to the 
side of the lead pot so that its lower face was sub- 
merged approximately 1 in. under the surface of the 
lead bath. In each instance the specimens were pro- 
gressively inserted into the lead at regular time inter- 
vals and removed at one time, after the desired time 
had elapsed. Each sample as it was withdrawn from 
the furnace was permitted to cool in air. Since the 
samples were very small and particularly because they 
were only 4, in. thick, it was felt that they cooled 
sufficiently rapid to suppress any further graphitiza- 
tion beyond what had been accomplished at the de- 
sired nominal temperature. 

The temperature utilized and the exact number of 
minutes to which each of the nine specimens was held 
at temperature, is recorded in Table I. 

When the specimens had cooled to room tempera- 
ture, they were cut in half and one piece of each sam- 
ple mounted in bakelite in the conventional manner 
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GRAPHITIZING RATE OF WHITE IRON 


APPROXIMATE TIME REQUIRED FOR 
COMPLETE FIRST STAGE 
GRAPHITIZATION 


2000 
2.50-2.60 % T.C. IRON 
1900 3.50 -3. % T.C.1 
ra 
° 
1 1800 
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= 
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Fig. 2—Graph showing graphitizing rate of white iron. 


for micrographic examination. Photomicrographs were 
taken to record the quantity and character of carbon 
which had precipitated. After etching with a 114 per 
cent solution of concentrated nitric acid in absolute 
ethyl alcohol, the samples were examined for comple- 
tion of first stage graphitization, as evidenced by the 
absence of primary cementite. The sample annealed 
the minimum length of time showing complete first 
stage graphitization, was then photographed to obtain 
a permanent record. Thus, this procedure made it pos- 
sible to determine the quantity and character of carbon 
precipitated, as well as the minimum length of time 
necessary to accomplish complete first stage graphitiza- 
tion at a given annealing temperature. 


Experimental Results 


A. Chilled Car Wheel Iron: Utilizing the procedures 
outlined, the approximate time required to complete 
first stage graphitization of a typical chilled car wheel 
iron is recorded in Table 2. 

These values have been plotted in Fig. 2, in which 
annealing temperature is recorded on the vertical axis 
and time at annealing temperature in minutes on the 
horizontal axis. It should be noted that the observed 
points lie in a relatively smooth curve and that the 
time required to complete first stage graphitization de- 
creases from approximately 1000 min at 1600 F to as 
short a time interval as 2 min at 2000 F. The latter 
temperature, of course, is only about 100 degrees below 
the fusion temperature of the metal. 

A complete photomicrographic record of the quan- 
tity and character of carbon precipitated, as well as the 


TasBLE 1—TimeE AT TEMPERATURES IN MINUTES FOR 
VaRiIoUS TEMPERATURES USED IN GRAPHITIZING TESTS 
ON Waite Iron (CHILLED CAR WHEEL IRON) 





Temperature, F 





Sample 
No. 1600 1700 1750 1800 1825 1850 1900 1950 2000 
1200 60 60 30 15 10 6 4 
1809 120 970 5 3% 2 8 6 
240 180 120 70 45 30 10 8 
300 240 150 90 60 40 12 10 





300 180 110 75 50 14 11 
540 360 210 130 90 60 16 12 
720 420 240 150 105 70 18 13 
900 480 270 170 120 80 20 14 

1080 — 300 190 135 90 22, 15 


| Somupoorn 
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absence of residual primary carbides, is recorded in 
Figs. 3 to 11, inclusive. The photomicrographs are in 
pairs, showing the unetched and etched structure of 
the metal at each of the nominal temperatures studied, 
and in all cases represent the condition found in the 
specimen which exhibited complete first stage graphiti- 
zation in the minimum time at a given temperature. 

It is interesting to note that the carbon precipitated 
progressively changes from a nodular type to one 
which is nodular and contains exfoliation from the 
nodule, and then progressively into an increasing 
quantity of typical flake graphite, until all of the car- 
bon is of the flake type, characteristic of gray iron. At 
approximately 1800 F a pronounced transition ap- 
pears to be taking place in which the nodular type of 
graphite is being wholly replaced by the flake-like form. 
During the transition period, the flakes are inclined to 
be shorter but thicker and, as the annealing tempera- 
ture approaches 1900 F and above, they have a well- 
defined flake outline, characteristic of gray iron. The 
matrix of the metal in all instances is very fine lamellar 
pearlite not clearly resolved at this relatively low 
magnification. 

When annealing is conducted at temperatures rang- 
ing from 1900 to 2000 F the resulting metal is typical 


TABLE 2—APPROXIMATE TIME REQUIRED FOR First STAGE 
GRAPHITIZATION AT INDICATED TEMPERATURE (CHILLED 
Car WHEEL IRON) 








Graphitizing Time, 

Temperature, F min 
1600 900-1080 
1700 360 
1750 210 
1800 90 
1825 60 
1850 60 
1900 12 
1950 11 
2000 2 





of a gray iron, cast from metal of identical composition, 
but under conditions in which the metal cools slowly 
enough to permit the carbon to precipitate. and yield 
a gray iron. Figure 12 is a photomicrograph at X100 
of such an iron after etching with 114 per cent nitric 
acid in absolute alcohol. Comparison of the structure 
disclosed in Fig. 12 with that in Fig. 11 reveals only 
one difference; namely, that there is better distribution 
of graphite and the graphite flakes are much finer. 

Physical Properties: It is of further interest to note 
that when bars of white iron of the same composition 
were annealed at 2000 F either by submerging them in 
molten lead at this temperature, or heating by means 
of high frequency induction for the prescribed time 
interval recommended in Table I, and then air cooling, 
the tensile strength of the metal is consistently about 
45,000 psi. It is believed that this relatively high ten- 
sile strength for an iron having a moderately high total 
carbon is attributable to two factors: (1) the relatively 
fine and well-distributed graphite structure, and (2) 
the fine pearlitic matrix which resulted from air cool- 
ing the bar after first stage graphitization had been 
completed. ; 

B. Low Total Carbon Iron: Utilizing identical pro- 
cedures, samples were cut from a low total carbon iron 
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TVaBLE 3—TIME AT TEMPERATURES IN MINUTES FOR 
\ARIOUS TEMPERATURES USED IN GRAPHITIZING TESTS 
on Wuite Iron (Low Tota Carson CONTENT IRON) 





Temperature, F 








Sample 
No. 1700 1750 1800 1825 1850 1900 1950 2000 
1 60 60 30 15 10 6 4 2 
2 90 90 50 30 20 8 6 3 
3 120 120 70 45 30 10 8 4 
4 150 150 90 60 40 12 10 5 
5 180 180 110 75 50 14 11 6 
6 210 210 130 90 60 16 12 8 
7 240 240 150 105 70 18 13 10 
8 270 300 170 120 80 20 14 -- 
9 300 — 190 135 90 22 15 a 





of typical malleable composition and were subjected to 
graphitizing tests at temperatures ranging from 1700 to 
2000 F. The only difference in the test was the mat- 
ter of time interval which, of necessity, had to be in- 
creased because of the slower graphitizing rate of the 
low total carbon white iron. The results of these tests 
are recorded in Table 3. 

To avoid repetition photomicrographs are not in- 
cluded for the low total carbon material, since 
examination disclosed that the behavior was identical 
with that of the higher carbon material previously de- 
scribed, except that the time element was materially 
increased due to the greater resistance of the low car- 
bon iron to first stage graphitization. The approximate 
time involved to complete first stage graphitization at 
the various temperatures employed is recorded in 
Table 4, and the experimental results have likewise 
been plotted in Fig. 2. 

The graphite obtained at temperatures ranging from 
1700 to 1800 F was a typical temper carbon. Progressive- 
ly, as the temperature was increased above this point, 
the nodules became elongated and, passing through a 
gradual transition, the carbon acquired a typical flake 
graphite form at temperatures from 1900 to 2000 F. 


Conclusions 


From the foregoing, it is evident that there is a 
marked difference in the type of graphite precipitated 
within the limits investigated, dependent upon the 
temperature at which first stage graphitization takes 
place. This change ranges from a true temper carbon, 
typical of malleable iron, to one of distinct flake form, 
characteristic of gray iron. Likewise, as the temperature 
rises, first stage graphitization progresses at an in- 
creasing rate, requiring so short a time interval. as 
2 min when the annealing temperature is 2000 F. 

It is believed that there are instances where this 


TaBLE 4—APPROXIMATE TIME REQUIRED FOR FIRST 
STAGE GRAPHITIZATION AT INDICATED TEMPERATURES 
(Low Tora Carson Iron) 











Graphitizing Time, min 
Temperature, F 
1700 Incomplete at 300 min 
1750 300 
1800 170 
1825 120 
1850 70 
1900 Incomplete at 22 min 
1950 Incomplete at 15 min 
2000 6 











251 


method of indirectly producing a gray iron may find 
application. The practical accomplishment under 
plant conditions offers some obstacles, such as rapid 
surface oxidation or scaling when metal is heated to 
these high temperatures, requiring an atmosphere 
controlled furnace. Distortion of the casting at these 
high temperatures may make it impractical where final 
dimensions are of primary importance. Also, it must 
be remembered that furnaces operating at these high 
temperatures involve the use of premium quality re- 
fractories and entail relatively high operating and 
maintenance costs. In certain isolated cases, where 
sections are symmetrical, such as a cylinder or a tube, 
the casting may be heated quickly and relatively 
economical'y by use of high frequency induction. 
The author does not feel that this investigation dis- 
closes any particularly new or novel information, but 
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Fig. 12—A typical graphite structure obtained when 

iron of chilled car wheel composition is cast in sand 

and sections are heavy enough so that the resulting 
structure is gray iron. As polished. X100. 


that it is a study of graphitizing behavior at increasing 
temperatures which should be of interest to the 
foundryman. 
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DISCUSSION 


Chairman: T. E. EAGAN, Cooper-Bessemer Corp., Grove City, 
Pa. 

Co-Chairman: R. SCHNEIDEWIND, University of Michigan, Ann 
Arbor, Mich. 

J. E. Renper:* Mr. Massari’s paper is most interesting. It is 
a further indication ot the metallurgical similaricy of the gray 
iron, white iron, and malleable iron fields. I can give some 
corroboration of the effect of high temperature anneals, from 
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some experimental work I was doing. The temperature con- 
troller on a furnace in which a first stage anneal of white cast 
iron was being carried out overnight, failed to operate, and the 
furnace temperature was about 2,000 F all night. The micro- 
structure of a sample removed from the furnace the following 
morning was almost exactly the same as that shown by Mr. Mas- 
sari’s photomicrographs. 

For white cast iron, when the time necessary for first-stage 
annealing is plotted versus the temperature on a semi-logarithmic 
basis, reasonably straight lines result. The data of Mr. Massari, 
plotted the same way, also fall on straight lines. 

J. H. Lansinc:? I think Mr. Massari’s paper is very interesting. 
It confirms some of the things that have occasionally been en- 
countered, more so a great many years ago than at the present 


time, in a malleable anneal, where the temperatures would rise _ 


possibly to 1800 or 1900 F, or in some cases a little higher, and 
the tendency of the graphite to string out in the manner that 
has been demonstrated was noted. I think it should be pointed 
out, however, that when that occurs, the physical properties, the 
strength and elongation of the material are generally substan- 
tially decreased. I think it might be interesting if the author 
would tell us whether any checks were made in that connection. 

Mr. Massari: Mr. Lansing is absolutely right. A structural 
change in a metal results in a change in mechanical or physical 
properties of the metal. As this material progressively changes 
from what might be considered a typical malleable, and the 
flake graphite begins to form, it progressively changes in proper- 
ties from that of a malleable to that of a gray iron. The material 
that was produced at 2000 F has typical properties that you 
would expect in gray iron. The properties are probably, on the 
average, higher than they would be if the same metal were di- 
rectly cast into a sand mold, largely due to the excellent distribu- 
tion of the graphite, which sometimes becomes a troublesome 
problem, particularly in light sections, because of the drastic 
super-cooling of the metal when it is cast into light sections, and 
the strong possibility of producing eutectiform graphite. 

J. T. MacKenzie:* I was very much interested in this work 
and I hope Mr. Massari will give us at least a few of the photo- 
micrographs of the low-carbon iron. It would be interesting to 
see what the difference in carbon would do in the number and 
size of those graphite flakes. 
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Mr. Massari: I can verbally give you the picture. It has th 
same typical graphite formation. The only difference is that a 
the carbon is lowered, there is less graphite. In other words, i 
contains flake graphite and a pearlitic matrix. 

Dr. MacKenzie: Do the flakes grow to about the same size? 


Mr. Massari: No, they are inclined to be shorter, and ther 
are less of them. 

H. B. Myers:* Would Mr. Massari care to comment on th: 
effect of increasing the time at the high temperature, say ove 
1900 to 2000 F? Does any further change occur in the graphit« 
structure? 

Mr. Massari: As far as we were able to learn, there is no 
change. In other words, after the carbides are once decomposed 
and the carbon is precipitated, there is no change, at leas‘ 
within the temperature limits that we studied. 

MemMBER: What maximum cross-section can be so treated 
successfully? 

Mr. Massari: We purposely selected very thin specimens to 
almost totally eliminate the time element necessary to heat to 
the nominal temperature, because we were interested in estab 
lishing the rate at which decomposition would take place at a 
given temperature level and not what started at intervening 
temperatures. For example, if nominal temperature was 2000 F 
we were not interested in what happened at 1400, 1500, 1600, 
1700, 1800 or up to 2000 F. Naturally, as the sections become 
heavier, it is physically impossible, unless by high frequency 
induction, to rapidly heat them to 2000 F. 

This cannot be done in a furnace, because the material must 
absorb heat from the furnace atmosphere, and conduct the heat 
from the surface to the interior of the casting before the entire 
casting will reach a given temperature level. Consequently, un- 
less you heat heavy sections by high frequency induction you 
cannot expect to have the same result as with very thin sec- 
tions. For example, a tube of white iron that was in the neigh- 
borhood of 5% in. thick, heated by high frequency induction for 
the prescribed time, produced the same result. 


2 Technical and Research Director, Malleable Founders’ Society, Cleveland. 
% Technical Director, American Cast Iron Pipe Co., Birmingham, Ala. 
* Technical Director, Roll Manufacturers Institute, Pittsburgh. 
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STRUCTURES OF SULPHIDE INCLUSIONS 


By 


C. E. Sims,* H. A. Saller,* and F. W. Boulger * 


Introduction 

MANY INVESTIGATIONS!:2:3 have confirmed the 
original observations‘ that the shape and distribution 
of the sulphide inclusions in cast steels are related to 
the degree of deoxidation. Few of the researches, how- 
ever, have been concerned with more than one deoxi- 
dizing element or more than one grade of steel. This 
article describes the procedures followed and the data 
obtained in a study of the effects of additions of ten 
elements on the inclusion characteristics. All of these 
elements have, or have been reputed to have, deoxidiz- 
ing effects in steel. 


Methods and Procedures 
Eighteen heats made in an induction furnace with a 
magnesia lining were used for this investigation. The 
heats were made from low-carbon scrap charges by 


* Battelle Memorial Institute, Columbus, Ohio. 


similar melting practices. Some ferromanganese, fer- 
rosilicon, and iron pyrite were melted with the charge. 
In all but three heats, alloy additions of silicomanga- 
nese, ferrosilicon, ferromanganese, and graphite, when 
necessary, were made within 2 min after the charge 
was melted. Usually the silicomanganese was added 1 
min before the other alloys. The time between the end 
of melting of the charge and the completion of alloy 
additions was 3 min on two heats and 5 min for the 
other exception. 


The procedure was to pour a casting, to represent 
the base composition of each heat, | min after the final 
alloy addition. Additions of the particular element 
under study were then made to the furnace and another 
casting poured. A series of nine to twelve ingots was 
poured from each heat made to study the effect of a 
particular element. The interval between the alloy 
addition and casting of the test ingots was usually 45 
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Fig. 1—Sketch of experimental ingots and location of metallographic specimen. 
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Top -—2A—Type I 
Center —2B—Type II 
Bottom—-2C—Type III 


Fig. 2—Typical appearance of sulphides classified on 
the basis of shape. 500X 
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sec, but this time was reduced to 30 sec on six heat 
where the additions were small or the special elemen 
was easily lost. 

The test castings were poured directly from th 
furnace, except in the first two heats, No. 1278 an 
1279, when a hand-shank ladle was employed. Th: 
test castings were made in baked core sand molds 
They were of the ingot shapes and dimensions indi 
cated in Fig. 1. Type “A” was first employed, and th: 
change was made to the ingot with the collar in orde: 
to further reduce piping in heavily deoxidized steels. 
The smaller ingot weighed 12 lb and the “B” type 
weighed 15 lb. The furnace charge was 200 or 250 Ib, 
depending upon the size and number of ingots to b« 
cast. When the last ingot was poured, usually about 14 
min after melt-down, the furnace contained 55 to 70 lb 
of steel. 

Specimens for metallographic examination were 
taken from all ingots at the location indicated in Fig. 1. 
The section examined was approximately one-third of 
the distance from the bottom to the top of the ingot 
and extended along a radius about halfway to the sur- 
face. This location had a relatively long solidification 
time and was quite sound even in piped ingots. Drill- 
ings for chemical analysis were obtained immediately 
below the slice cut for microscopic examination, at 
points midway between the center and the periphery 
of the ingots. 

Photomicrographs were taken of fields showing the 
typical distribution of nonmetallic inclusions in the 
particular ingot. The micrographs are believed to be 
representative of the types existing in the ingots but 
not necessarily of the amount of inclusions present. As 
in most steels, the inclusions were irregularly dispersed 
on a microscale, and other fields would show more or 
fewer inclusions than those selected. 

Figure 2 shows the three types of sulphides found in 
cast steels classified on the basis of shape and the nom- 
enclature used in this paper. The inclusions are lo- 
cated in the grain boundaries formed when the steel 
solidified, and their shape indicates whether they 
formed early or late in the solidification period. It 1s 
generally agreed that sulphides are least deleterious 
when present as rounded particles classified as Type I 
and have the most harmful effect on ductility when 
distributed as films or chains illustrated by Type II. 

The results of metallographic examinations and 
chemical analyses will be discussed by various ingots 
which provided the most information. Although 206 
ingots were studied, data on all of them will not be 
given. 

Table 1 gives the range in analyses covered by the 
castings from the 18 different heats. 


Ineffective Additions 


The four heats listed at the top of Table 1 were made 
to determine the effects on sulphide inclusions of Grade 
“B” steel when four elements were varied individually. 
Regardless of the amounts of manganese, silicon, vana- 
dium, and calcium, the representative sulphides were 
spherical and classified as Type I. Manganese, silicon, 
and vanadium recoveries were very high; the calcium 
additions were almost completely lost. The additions 
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TasBLe 1—CHEMICAL COMPOSITION OF STEELS STUDIED 














Heat = Special Range in Chemical Analysis, Per Cent 
Number Element Notes Cc Mn P S Si Al 

1466 Mn 0.63/17.7 Mn 0.24/0.26 0.63/17.7 0.011/0.040 0.019/0.041 0.39/0.44 0.005 /0.006 
1467 Si 0.28 /4.00 Si 0.23/0.28 0.61/0.65 0.008 /0.011 0.032/0.043 0.28/4.00 0.004/0.008 
1673 V 0.001/1.00 V 0.26 /0.29 0.54/0.59 0.009/0.010 0.029 /0.034 0.40 /0.42 

1701 Ca 0.001/.001 Ca 0.24/0.27 0.60 /0.72 0.010 0.032/0.033 0.22/0.76 

1503 B 0.0005 /0.320 B 0.26 /0.28 0.60 /0.66 0.009/0.010 0.039 0.38/0.42 vents 
1702 Mg 0.0005/0.01 Mg 0.21/0.27 0.60/0.70 0.010/0.014 0.034/0.035 0.23 /2.49 0.004/0.012 
1997 Mg 0.0005 /0.003 Mg 0.30 0.69 0.006 0.045 0.66 0.003/0.005 
1674 Ti 0.001 /0.27 Ti 0.24 /0.26 0.52/0.62 0.010/0.018 0.039 0.36/0.41 

1741 Zr 0.003/0.026 Zr 0.32/0.33 0.62/0.65 0.010/0.011 0.037 /0.038 0.25 /0.34 0.006/0.008 
1998 Zr 0.005/0.32 Zr 0.34 0.71 0.008 0.018 0.30 0.003 /0.005 
1278 Al Low carbon 0.08 /0.10 0.38/0.43 0.017 0.033/0.034 0.17/0.21 0.003/0.237 
1465 Al Low carbon 0.06/0.08 0.61/0.63 0.008/0.012 0.041 /0.045 0.40/0.44 0.006 /0.17* 
1279 Al Normal carbon 0.31/0.32 0.57/0.59 0.014 0.034 /0.036 0.29/0.32 0.007 /0.287 
1502 Al Normal carbon 0.22/0.26 0.61/0.64 0.010 0.042/0.043 0.37/0.39 0.007/0.20* 
1742 Al Higher carbon 0.48/0.52 0.68 /0.71 0.010/0.012 0.040 /0.044 0.34/0.39 0.008 /0.145 
1502 Al Normal Si, Mn 0.22 /0.26 0.61 /0.64 0.010 0.042/0.043 0.37/0.39 0.007 /0.20* 
1740 Al Low Si 0.26/0.30 0.70/0.72 0.017/0.021 0.032/0.035 0.02/0.04 0.004/0.295 
1743 Al Higher Mn 0.26 /0.32 1.42/1.44 0.012/0.015 0.040/0.044 0.35 /0.42 0.003/0.105 
1999 Al Higher. Mn 0.31 1.47 0.009 0.039 0.32 0.003 /0.86 








Manganese added as an 85% manganese, low-carbon alloy. 
Silicon added to Heat 1467 as 77% ferrosilicon. 


Vanadium added to Heat 1673 as ferrovanadium, 51% vanadium. 


Calcium was added to Heat 1701 as a calcium-silicon alloy to the surface of the melt. 


Boron added to Heat 1503 as ferroboron. 


Magnesium added to Heats 1702, 1997 in the form of a powdered iron-silicon-magnesium alloy. 


Titanium was added to Heat 1674 as a pure metal powder. 


Zirconium added to Heat 1741 as pure metal powder and as a silicon-zirconium alloy to 1998. 


Aluminum added in the form of wire to last eight heats. 


* Acid-soluble aluminum—others are total aluminum values by wet or spectrographic analysis. 





to these heats were made as low-carbon ferromanga- 
nese, 77 per cent ferrosilicon, 51 per cent ferrovana- 
dium, and 37 per cent calcium silicide. 

Manganese additions to Heat 1466 ranged from 0.5 
to 20.0 per cent, and recoveries were close to 91 per 
cent in all ingots. Analytical data showed that the 
sulphur content decreased from 0.041 to 0.019 per cent, 
and that the phosphorus increased from 0.011 to 0.040 
per cent, as the manganese increased from 0.63 to 17.7 
per cent in different ingots. Phosphorus was apparent- 
ly picked up from the ferroalloy, and the sulphur was 
probably eliminated because of the effect of manganese 
in lowering the solubility of sulphur in liquid steel. 
Volumetric and gravimetric analyses gave close checks 
indicating that desulphurization actually occurred. 

Analyses of the various ingots from Heat 1467 
showed the average silicon recovery to be 98 per cent 
for additions giving up to four per cent silicon. 

Figure 3 shows the typical round sulphide inclusions 
present in castings containing normal and large quanti- 
ties of silicon and manganese. Numerous duplexed 
sulphides, containing iron and manganese oxides, were 
observed in specimens with high manganese contents. 
A good example is shown in the photomicrograph of 
the steel with 14.5 per cent manganese. The silicate 
inclusions increased in both size and number with 
silicon content, indicating they were purer in the last 
ingots poured from Heat 1467. 


Twelve ingots were poured from Heat 1673 after 
ferrovanadium had been added to the furnace in quan- 
tities totaling up to one per cent. The recoveries were 
extremely good, approximately 100 per cent, indicating 





that vanadium is not easily oxidized. As illustrated in 
Fig. 4, the appearance of the sulphide inclusions was 
not changed by vanadium contents greatly exceeding 
those employed commercially. 

A series of 12 ingots was poured after calcium sili- 
cide had been added to Heat 1701 in amounts of 0.01 
to 0.10 calcium. The additions were made to the clean 
surface of the steel bath in order to avoid eruptions 
occurring when this material is introduced below the 
surface. Although a total of 0.40 per cent calcium had 
been added before pouring the last casting, spectro- 
graphic analyses indicated no calcium was recovered. 
The micrographs in Fig. 4 show that the calcium alloy 
additions had no effect on the Type I inclusions. It 
has been noted that calcium-treated steels are fre- 
quently characterized by “birds-eye” sulphides; that is, 
the presence of relatively large black spots in the 
rounded sulphides. This seems to be the only metallo- 
graphic evidence of an effect on sulphides by calcium, 
although Gagnebin® and others report that it affects 
mechanical properties. 


Additions Producing Film Sulphides 
Additions of boron, magnesium, or titanium were 
made to heats listed in the second group in Table 1. 
When the steel contained small amounts of these ele- 
ments, the characteristic sulphides were round and 
similar in appearance to those discussed previously. 
Larger quantities of these three elements apparently 
caused the sulphides to precipitate later in freezing, 
because they occurred as films. This distribution, ot 
course, has a harmful effect on ductility. 
Boron was added to Heat 1503, originally of Grade 
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Top -—0.28 per cent Si 
Bottom—4.1 per cent Si 
Heat 1467, Ingots 1 and 10 of silicon series 


Top -—0.69 per cent Mn 
Bottom—14.5 per cent Mn 
Heat 1466, Ingots 2 and 9 of manganese series 


Fig. 3—Typical sulphide inclusions in medium-carbon steels containing widely different manganese and 
silicon contents. 500X 


“B” composition, as 18 per cent ferroboron. The re- 
coveries were high in most cases as indicated by an- 
alyses by the distillation procedure developed by the 
Bureau of Standards. Metallographic examinations 
indicated that the sulphides were usually larger than 
those found in similar steels without boron. It is pos- 
sible that most of the boron combined with the sul- 
phides. Figure 5 shows micrographs of samples from 
this series. Steels containing 0.030 per cent total boron, 
or less, were characterized by Type I sulphides and 
large globular oxides or silicates. 

The typical sulphide inclusions in steels containing 
0.034 per cent boron or more occurred as thick films in 
the grain boundaries. These inclusions have many of 
the characteristics of Type II sulphides in that they 
tended to form intergranular films and yet they differ 
from those shown in Fig. 2b in an important respect. 
Instead of being very small and forming a fairly con- 
tinuous network, they are concentrated in even larger 


masses than the Type I and, therefore, will be fewer in 
number and further apart. For this reason they should 
not have the adverse effect on ductility that usually is 
associated with Type II inclusions. Also, because of 
the large size, it is difficult to make a clear distinction 
between the Type II and Type III sulphides, but above 
about 0.13 per cent boron they are regarded as pre- 
dominantly Type III. Data for these steels are shown 
in Table 2 and Fig. 8. 

The samples containing 0.006 per cent boron, or less, 
exhibited normal structures after etching. Beginning 
with the sample containing 0.014 per cent boron, how- 
ever, the etched sections showed a eutectic present in 
the grain boundaries. The quantity of this phase in- 
creased with the boron content until the grains were 
completely enveloped in the sample containing 0.16 per 
cent boron. This eutectic is believed to be a boron 
carbide and produces extreme hot shortness in steel. 
The structure in Fig. 6 is typical. 
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Bottom—0:40 Ca added, none by analysis 


Bottom—0.80 per cent V 


Fig. 4—Typical sulphide inclusions found in Grade B 
steels with different vanadium and calcium additions. 
Mag. 500 





Two heats were made in which magnesium was the 
strong deoxidizer. The alloy used for adding the 
magnesium was made by adding magnesium to molten 
75 per cent ferrosilicon to the amount of 10 per cent. 
The first such alloy made also contained 0.76 per cent 
aluminum. When this was added to the steel in increas- 
ing amounts, the sulphides progressed from Type I to 
Type II to Type III, the last being obtained with a 
total addition of 0.30 per cent magnesium. Inasmuch 
as spectrographic analysis indicated less than 0.01 per 
cent magnesium retained, it was suspected that the 
aluminum contamination, which had by then pro- 
duced a residual content of 0.02 per cent aluminum, 
was responsible for the changes. 

Another series was made, using a similar alloy but 
containing only 0.2 per cent aluminum. The crushed 
alloy was added on the clean surface of the molten 
steel. The sulphides remained Type I until a total of 
0.30 per cent magnesium had been added, at this point 


they changed to Type II. They remained as Type II 
up to an addition of 0.50 per cent magnesium. These 
are shown in Fig. 7. Spectrographic analysis indicated 
a residual magnesium content of 0.003 per cent with 
total additions of 0.02 to 0.05 per cent. The residual 
aluminum never got above 0.005 per cent, which, how- 
ever, is enough to leave some doubt as to whether the 
conversion should be attributed to magnesium. 
Titanium was added to Heat 1674 in the form of 
pure metal pellets placed in a hollow tube fastened to 
a steel rod. The tube was plunged into the bath of 
steel where it melted off and the titanium was dis- 
solved. The titanium additions were made to the fur- 
nace in amounts varying from 0.01 to a total of 0.50 per 
cent; the recoveries ranged from 50 to 60 per cent. In 
this series of Grade “B’’ steel castings, the sulphide in- 
clusions changed from Type I to Type II at about 0.024 
per cent titanium. Film or eutectic sulphides were 
found in all samples containing more than this amount 
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Top -—0.014 per cent B 
Center —0.034 per cent B 


Bottom—0.32_ per cent B 


Fig. 5—Typical sulphide inclusions found in Grade B 
steels with different boron contents. 500X 
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of titanium, the last ingot showed 0.27 per cent tit: n- 
ium by analysis. Typical micrographs of titaniu n- 
bearing steels are shown in Fig. 7. Data from other 
samples in the series are plotted in Fig. 8, which sug- 
gests that titanium contents in Grade “B” steels shouid 
be kept below about 0.01 per cent in order to avoid 
embrittlement by Type II distribution of sulphides. 

In the steels containing comparatively large amounts 
of titanium, the sulphides occurred as extremely thin 
films, their color tending toward tan in reflected white 
light. These characteristics of the sulphide inclusions 
were noted previously in examining a medium-manga- 
nese steel with 0.16 per cent titanium which had been 
added as low-carbon ferrotitanium. Such sulphides are 
presumed to contain a large proportion of titanium 
sulphide. 


Additions Producing Either Film or Angular Sulphides 


Either zirconium or aluminum additions were made 
to the other ten heats listed in Table 1. Depending 
upon the quantity of the deoxidizer present, either 
round, film, or angular sulphide inclusions existed in 
the samples examined. Inasmuch as angular inclusions 
were formed in some steels, zirconium and aluminum 
differed from the additions discussed previously. 

A silicon-zirconium alloy was used for adding zir- 
conium to Heat 1998 after poor recoveries resulted 
from using pure metal powder on Heat 1741. Seventy 
per cent of the zirconium present was reported as being 
combined with oxygen when five samples were analyzed 
for both total zirconium and acid-soluble zirconium. 
This is puzzling considering that the total zirconium 
contents of these samples ranged from 0.01 to 0.32 per 
cent. If the proportion of zirconium combined with 
oxygen was actually quite constant, it means that the 
oxygen content of the steel increased or that the compo- 
sition of the oxide varied. In any event, the analyses 
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Fig. 6—Etched structure of a 0.26% carbon cast steel 
containing 0.16% boron showing typical eutectic that 
produces extreme hot shortness in boron-containing 
steels. 
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Top -—0.024 per cent Ti cp -0.003 per cent Mg 
Bottom—0.27 per cent Ti Bottom—0.003 per cent Mg, 0.005 per cent Al 


Fig. 7—Typical sulphide inclusions found in Grade B steels with different titanium and magnesium 
additions. 500X 


TasLe 2—EFFect OF BorRON, ZIRCONIUM, AND TITANIUM ON SULPHIDE FORMATION 
Data Used in Plotting Fig. 8 


a dD 





























Heat No. Cc Mn Si S P 
‘ A 1503 0.26 0.64 0.42 0.039 0.010 
~ Boron Content 0.0005 0.006 0.014 0.023 0.032 0.041 0.058 0.062 0.13 0.16 0.32 
Inclusion Type I I I I II&III TIX II&III II&1II II&1IT IIS [I&II 
Heat No. Cc Mn Si S P 
A 1674 0.26 0.59 0.36 0.039 0.018 
: Titanium Content 0.015 0.020 0.024 0.037* 0.05* 0.10* 0.27 
> Inclusion Type I I II II II II II 
a Ce ae creat Heat No. Cc Mn $i . P ‘ : k gaaes 
“A 1741 0.33 0.62 0.32 «0.038 0.011 
A 1998 0.34 0.71 0.30 0.018 0.008 
I Zirconium Content 0 0.002 0.007 0.008 0.010 0.014 0.022 0.026 0.03 0.06* 0.10* 
ce Inclusion Type I II II II II II II I&II! Ill III Ill 
rat Zirconium Content 0.20* 0.32 
ng Inclusion Type Ill II 


* Estimated analysis 
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EFFECT OF ZIRCONIUM IN MEDIUM-CARBON STEEL 
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Fig. 8—Effect of varying amounts of Zr, Ti, or B on 
type of sulphide inclusions in medium-carbon steel. 


agree with the metallographic examination which 
showed that the quantity of oxide inclusions increased 
with the total zirconium contents. 

The micrographs in Fig. 9 show the typical appear- 
ance of sulphide inclusions in three castings from the 
zirconium series. Eutectic film distributions existed in 
samples reported to contain 0.005 to 0.026 per cent 
total zirconium. Samples containing 0.03 to approxi- 
mately 0.07 per cent of this element were characterized 
by angular sulphides. As illustrated by the micro- 
graphs, the sample containing 0.32 per cent zirconium 
indicated a reversion to film sulphides at high con- 
tents of this element. The fourth micrograph shows 
the inordinate number of oxide inclusions present in 
an ingot poured after an addition of 0.15 per cent zir- 
conium had been made to the furnace. Clouds or 
clusters of oxide inclusions have been found in many 
experimental steels treated with large quantities of 
zirconium. Such oxide inclusions have been deter- 
mined, by electrolytic extraction followed by chemical 
analyses and petrographic examination, to be mainly 
zirconium silicate. Data on typical sulphide inclusions 
found in other samples from this series are shown in 
Fig. 8. Some of the samples were not analyzed so their 
zirconium contents were estimated on the basis of 50 
per cent recovery, the average for the other samples in 
the series. 

The last eight heats listed in Table 1 comprise the 
series made to study the effects of aluminum on the 
sulphides in cast steels of different compositions. The 


samples were analyzed for aluminum by three of the 
methods in common use. The first 18 ingots were 
analyzed by wet methods to determine the acid-soluble 
and acid-insoluble (Al,O,) aluminum contents, be- 
cause both fractions were considered important. This 
practice proved to be expensive and occasionally gave 
erratic values. The spectrographic determination ap- 
peared to be much more reliable, and it is definitely 
faster and simpler. Only total aluminum is determined 
in this way, however. 

Previous studies have indicated that the acid-insol- 
uble aluminum of aluminum deoxidized steels tends to 
be constant, and the present data go far to verify this 
concept. These data for 30 samples, listed in Table 3, 
show that even though the total additions and the acid- 
soluble aluminum vary widely, the insoluble content 
stays close to the average value of 0.006 per cent. Only 
three of the values varied from the average by more 
than 0.002 per cent, and one was in a sample which 
contained no acid-soluble aluminum. This is within 
the range of precision of most wet methods of analysis. 
The eight heats from which these samples were taken 
varied in composition, but all were poured at about 
the same temperature of 2950 F. It appeared justifi- 
able, therefore, to consider the insoluble aluminum a 
constant at 0.006 per cent and to simplify the deter- 
mination by wet analysis for soluble aluminum only, 
or to use the spectrographic method and subtract 0.006 
per cent from the total. 

Data for five of the heats listed in Table 1 as being 
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Fig. 9—Typical sulphide inclusions found in Grade B 
steels with different zirconium contents and characteris- 


treated with aluminum are plotted in Fig. 10 to show 
the type of sulphides found in different castings. These 
samples had carbon contents ranging from 0.08 to 0.52 
and manganese contents between 0.38 and 0.71 per 
cent. The chart shows that globular Type I sulphides 
were characteristic of all samples containing less than 
0.007 per cent acid-soluble aluminum. The analyses 
and metallographic studies also indicated that the 
change from Type I to film or eutectic sulphides oc- 
curred at about 0.005 per cent acid-soluble aluminum. 

The data for the steels containing 0.22 per cent car- 
bon, or more, indicate that the change from Type II to 
the less harmful angular Type III sulphides occurred 
at approximately 0.015 per cent acid-soluble alumi- 
num. This seems to agree with data on most commer- 
cial cast steels. In contrast to them; however, the low- 
carbon steels were found to contain Type II sulphides 
in all cases where the aluminum content was between 
0.010 and 0.060 per cent. 


Bottom—0.03 per cent 71 


tic oxides in samples with large amounts of zirconium. 
Mag. 500 


Figure 11 shows micrographs of samples with differ- 
ent carbon contents but approximately the same quan- 
tities of aluminum. There were real differences be- 
tween the shape of the sulphide inclusions in the low- 
carbon steel and the higher carbon steels, although 
they may not appear striking in the micrographs. 

The last group of heats listed in Table 1 provided in- 
formation on the effect of aluminum on the sulphide 
inclusions in steels containing very low silicon or 
medium manganese contents. The silicon content was 
only about 0.04 per cent in Heat 1740, while Heats 1743 
and 1999 contained 1.45 per cent manganese instead of 
the ordinary amounts of these elements. Heat 1502, 
repeated from the previous group in the tabulation, 
was of regular Grade “B” analysis. 

Figure 12 illustrates the relationship between alumi- 
num content and the type of sulphide inclusions found 
in these steels. The graph indicates that the change 
from Type I to Type II sulphides took place at slightly 





STRUCTURES OF SULPHIDE INCLUSION 




























































































242 
a 
- ™ is ae > | 
Zz » ele as) 3 a 
f HIGH CARBON 
ZZ 
| rr oe ce e+e oe « . 
| 
MEOIUM CARBON 
J 
+e + * 
nd | 
[ e e LOW CARBON 
.001 .002 004 .006 O10 .02 04 4.06 .08 O01 0.2 0.4 06 O08 
ACID-SOLUBLE ALUMINUM — PER CENT 


Fig. 10—Relation ‘of carbon content to effect of alumi- 
num on the type of sulphide inclusions in cast steels. 


lower aluminum contents in both the 0.03 per cent 
silicon and the 1.5 per cent manganese steels than it 
did in the regular Grade “B” steel. This change was 
not determined very accurately in the low-silicon series, 
however, because of the large interval in aluminum 
content between the first and second samples. 

Two other important’ observations are illustrated by 
Fig. 12. First, the 1.5 per cent manganese steels showed 


a partial reversal from angular to Type II sulphides at 
about 0.06 per cent aluminum. In this respect, they 
resembled the zirconium steels described previously. 
All of the low-silicon series steels to which aluminum 
was added were characterized by eutectic-type sul- 
phides even though aluminum contents up to 0.29 per 
cent were attained. Only two specimens, those con- 
taining 0.014 and 0.29 per cent aluminum, respectively, 





Data Used in Plotting Fig. 10 


TABLE 4—INFLUENCE OF CARBON CONTENT ON THE WAY ALUMINUM AFFECTS SULPHIDE INCLUSIONS 























Heat No. + Mn Si S P 
A 1278 0.09 ~=04l 0.18 0.033 0.017 
A 1465 0.07 0.63 0.41 0.045 0.011 
Residual Aluminum 0.002 0.003 0.004 0.005 0.006 0.008 0.011 0.023 0.024 0.025 
Inclusion Type I I I I I I II II II II 
Residual Aluminum 0.037 0.053 0.064 0.087 0.094 0.17 0.23 
Inclusion Type II II II&IIT II II II&III III 
Heat No. Mn Si : - P al 
A 1279 0.32 = 0.58 0.29 0.035 0.014 
A 1502 0.24 0.63 0.38 0.042 0.010 
Residual Aluminum 0.002 0.002 0.005 0.007 0.008 0.014 0.015 0.016 
Inclusion Type I II I&II II II II Ill III 
Residual Aluminum 0.027 0.034 0.041 0.060 0.080 0.130 0.150 0.20 0.28 
Inclusion Type III Ill Ill Ill Ill Ill Ill Ill III 
. cA i a Sie Soe Op 
A 1742 0.51 0.69 0.36 0.043 0.011 
Residual Aluminum 0.003 0.007 0.014 0.019 0.021 0.027 0.049 0.061 0.068 0.087 
Inclusion Type I II II II&III III III Ill III I&II Ill 
Residual Aluminum 0.109 0.140 
Inclusion Type Ill Ill 
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TABLE 3—RESULTS OF ALUMINUM ANALYSES 
ON Test CASTINGS 











Heat Ingot Aluminum, Per Cent 
Number Number Acid Soluble Acid Insolublea Totala Added 
1278 l eae lk ClO 
2 0.003 0.006 0.009 0.01 
§ 0.003 0.006 0.009 0.02 
4 0.002 0.006 0.008 0.03 
5 0.004 0.008 0.012 0.04 
6 0.002 0.006 0.008 0.05 
7 0.023 0.008 0.031 0.075 
8 * 0.025 0.004 0.029 0.10 
9 0.230 0.007 0.237 =—0.30 
1279 1 0.001 0.004 0.005 .. 
2 0.001 0.005 0.006 =0.01 
3 0.002 0.007 0.009 0.02 
4 0.008 0.005 0.013 0.03 
5 0.007 0.006 0.013 0.04 
6 0.015 0.004 0.019 0.05 
7 0.027 0.004 0.031 0.075 
8 0.041 0.005 0.046 §=0.10 
9 0.280 0.007 0.287 0.30 
1465 12 0.17 0.005 0.175 0.30 
1502 10 0.13 0.006 0.136 0.175 
Acid Solubled Totale 
1999 5 a 0.007 ~ 0.025 0.05 
10 0.34 0.005 0.34 0.40 
12 0.85 0.006 0.86 1.00 
1743 9 0.049 0.010 0.059 0.15 
6 0.006 0.008 0.014 0.05 
1742 12 0.137 0.008 0.145 0.30 
1740 11 0.213 0.007 0.220 0.40 
7 0.067 0.006 0.073 0.15 
5 0.025 0.007 0.032 0.08 
$ 0.007 0.012 0.014 0.04 
Average 0.0062 
a = Insoluble residue in wet analysis considered as AloO3. 
b = Acid-soluble aluminum value from wet analyses. 
c = Total aluminum determined by spectrographic analysis. 
d = Calculated from other two results. 





showed any of the angular Type III sulphides. Typical 
micrographs are shown in Fig. 14. 

Figure 13 shows typical sulphides in different samples 
from the medium-manganese series. The angularity of 
these inclusions in steels containing 0.008 to 0.054 per 
cent aluminum was particularly marked. Specimens 
containing larger or smaller quantities of the strong 
deoxidizer were characterized by film inclusions as in- 
dicated by the other micrographs. 

Figure 14 shows four micrographs representative of 
the ten castings containing 0.009 to 0.22 per cent residu- 
al aluminum. They illustrate the fact that the low- 
silicon steels were characterized by film and chain sul- 
phides throughout a wide range of aluminum contents. 
A partial digression from this is shown in the specimen 
containing 0.015 per cent aluminum. 


Discussion of Results 


Determination of Aluminum—One of the obvious 
difficulties of the present study was that of accurate 
determination of small contents of the deoxidizers 
used. Analysis for such elements as aluminum and 
zirconium in steel by the wet chemical method is not 
only long and tedious, but it is likely that the limit 
of accuracy of the method* was reached in the lower 
contents. Analyses were carefully checked, however, 
ind it is believed that the data are sufficiently accurate 
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Heat No. 1465-10 1502-9 1742-10 
Carbon, % 0.08 0.22 0.48 
Manganese, °% 0.61 0.61 0.71 
Aluminum, °% 0.087 0.080 0.09 


Fig. 11—Sulphide inclusions in steels containing simi- 
lar quantities of aluminum but different carbon con- 


tents. 500X 






































































































































944 STRUCTURES OF SULPHIDE INCLUSIONS 
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Fig. 12—Relation of higher manganese and of low silicon content to the effect of aluminum on the type 
of sulphide inclusions in cast steels. 
for some conclusions such as a check on the relative This constancy of acid-insoluble aluminum content 
deoxidation powers. through a wide range of total contents and for differ- 
Spectrographic determinations of aluminum are po- ent compositions of steel, seems to have a significance 
tentially much more accurate especially for minute greater than mere coincidence. Halley! noted it and 
contents. This method, of course, determines only obtained a slightly lower figure as follows: & 
total quantities, but the remarkable constancy of the 
insoluble portion, as shown in Table 3, allows a ready Acid-Soluble Aluminum, % Acid-Insoluble Aluminum, % 
estimation of residual contents as well. ae a ee 0.001 ed 
_ <0.001 0.004 
* Both aluminum and zirconium were determined by dissolv- 0.009 0.004 
ing the steel sample, separating the bulk of the iron from the 0.038 0.004 
solution by electrolysis using a mercury cathode, followed by 0.073 0.005 M 
chemical precipitation of the aluminum or zirconium from re- 0.169 0.004 ni 
maining solution. SIS 
ra 
; fo) 
TasBLe 5—INFLUENCE OF Low SILICON AND OF HiGH MANGANESE ga 
ON THE WAY ALUMINUM AFFECTS SULPHIDE INCLUSIONS ts 
Data Used In Plotting Fig. 12 : 
to 
Heat No. Cc Mn Si S P ole 
A 1740 0.30 0.72 0.04 0.033 0.020 wre 
Residual Aluminum 0.002 0.009 0.015 0.027 0.035 0.066 0.103 0.115 0.155 sli 
Inclusion Type II Il I&II II II II II II II = 
Residual Aluminum 0.215 0.290 wo 
Inclusion Type II Ill 
ae n,n 5 x saat alu 
Heat No. Cc Mn Si S P oil 
A 1743 ~~———=«OO.30 1.43 0.36 0.041 ~=—0.012 we 
A 1999 0.31 1.47 0.32 0.039 0.009 
Residual Aluminum 0.002 0.003 0.004 0.008 0.020 0.030 0.054 0.062 0.070 0.100 — 
Inclusion Type II II I&II Ill Ill Ill Ul I&II II II cor 
Residual Aluminum 0.11 0.34 0.60 0.86 pré 
Inclusion Type Ill II II&I1IT II&III ize 
Regular carbon Heats Al279 and A1502 shown in Table 4. hol 
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Fig. 13—Typical sulphide inclusions found in 1.5% manganese steels containing different amounts o 
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aluminum. 


McQuaid? reported values higher and without con- 
sistency but he held some reservations as to the accu- 
racy of the analytical determinations. Sims and Dahle? 
found constant values at a higher level. Wentrup4 
gave analyses of 40 experimental low-carbon steels de- 
oxidized with aluminum and with residual contents up 
to 0.83 per cent. In 38 of these he obtained contents of 
aluminum as Al,O, ranging from 0.001 to 0.012 per 
cent with an average value of 0.005 per cent. This is a 
slightly greater spread than occurred in the present 
work, but the average is very close. 

It has been generally assumed that the acid-insoluble 
aluminum in steel is present as Al,Og3, and in practi- 
cally all aluminum, deoxidized steels microscopic in- 
clusions occur which are identifiable as Al,O,. They 
are usually sparse, however, except under such unusual 
conditions as mold additions of aluminum. When this 
practice is used, huge clouds may be present in local- 
ized areas and the constant relations cited above do not 
hold. 


500X 


The most reasonable explanation for this behavior 
of Al,O, seems to be that the amount remaining in 
the steel represents the solubility in liquid steel at the 
temperature of deoxidation. Sims and Lillieqvist? 
have furnished palpable evidence of at least some solu- 
bility for Al,O; in liquid steel and that the inclusions 
of this material normally found are formed during 
solidification. 

Whatever are the real figures, the content of insolu- 
ble aluminum seems to be sufficiently constant and 
small that, in the range of residual aluminum where 
most interest lies, namely, in the range of 0.01 to 0.06 
per cent, the determination of the total and subtraction 
of a constant of 0.004 to 0.006 per cent will introduce 
very little error. 


Significance of Type II Inclusions 


The consistency with which aluminum, zirconium, 
or titanium produce Type II inclusions at constant low 
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Top  —0.066 per cent Al 
Bottom—0.215 per cent Al 





levels of the alloy content leads to the conclusion that 
this phenomenon is a deoxidation effect rather than an 
alloying effect. The appearance is indistinguishable 
when produced by any of these three elements. Boron, 
while it produces something akin to Type II inclusions 
has a slightly different effect in that the sulphides 
agglomerate into relatively large masses. 

Evidently then, when the FeO content reaches some 
low value, virtually the vanishing point, the manner in 
which the sulphides precipitate is suddenly and dras- 
tically changed. The appearance of this phenomenon 
should, therefore, be a sensitive indication that the steel 
has reached a certain degree of deoxidation. 

On this basis it may be concluded from Fig. 7 and 9 
that aluminum and zirconium are powerful deoxidizers 
which is, of course, consistent with past observations. 
They are, moreover, about equal in this property. 
Titanium is next but is definitely lower in value than 


Top —0.009 per cent Al 
Bottom—0.015 per cent Al 


Fig. 14—Typical sulphide inclusions found in Heat No. 1740; 0.28% C, 0.70% Mn, 0.04% Si steels 
containing different amounts of aluminum. 500X 


aluminum or zirconium. Boron, while still a strong 
deoxidizer, is poorer than titanium. 

If the slight contamination of aluminum in the fer- 
rosilicon used to make the Fe-Si-Mg alloy be dis- 
counted, it appears that magnesium is in the class of 
strong deoxidizers for steel. ‘This is of academic interest 
only, however, because the extreme difficulty of getting 
magnesium into steel and its virtual insolubility rule 
it out for practical consideration. 

Calcium is similar to magnesium in regard to vola- 
tility and insolubility in steel. Although spectroscopic 
traces have been reported for steels treated with cal- 
cium, repeated attempts have failed to elicit the slight- 
est evidence that calcium has any notable deoxidizing 
effect on steel. 

Vanadium is at best a weak deoxidizer and must be 
placed near silicon. It is probably not so strong as sili- 
con because V,O,; is readily reduced by silicon. 
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It is apparent that neither silicon or manganese can 
»ver reduce the FeO in steel low enough to cause the 
formation of Type II sulphides. 


Formation of Type III Sulphides 


It has become obvious both in reports from industry 
and from the evidence of the present work, that the 
precipitation of sulphides as Type III inclusions is not 
the inevitable result of the presence of excess alumi- 
num. Sims and Dahle? attributed the precipitation of 
Type III sulphides in the presence of excess aluminum 
to the formation of some Al,S, which, being less sol- 
uble than (FeMn) S, would cause the sulphides to 
start forming earlier in the solidification of the steel 
and give them more opportunity to grow. This theory, 
apparently, needs some modification. 

It has been shown that excess zirconium produces 
Type III inclusions just about as effectively as does 
aluminum; whereas, excess titanium yields a still finer 
eutectic formation than the regular Type II. This 
might be explained on the basis that ZrS, like Al,S3, 
has a low solubility in liquid steel and that TiS is 
highly soluble. A similar explanation does not seem 
adequate, however, to account for the difficulty of ob- 
taining Type III inclusions in low-carbon steels (Fig. 
9) or the virtual impossibility of obtaining them in 
low-silicon steels (Fig. 11), nor does it explain why 
moderate excess of aluminum in a medium-manganese 
steel gives Type III sulphides, while a large excess tends 
to cause reversion to something resembling Type II 
(Fig. 11 and 12). A large excess in a carbon steel has 
no similar effect. 

The low-carbon and low-silicon steels are outside 
the usual range of composition for cast steels and might 
be considered of academic interest only while the medi- 
um-manganese steel is more pertinent. In the range of 
0.006 to 0.06 per cent residual aluminum, desirable 
Type III sulpides are formed but above this range less 
desirable types are produced. These latter might be ob- 
tained with additions exceeding about 314 lb per ton. 
Much of the-field remains unexplored but here are 
three examples to show that Type III sulphides are 
not always an accompaniment of a simple excess of 
aluminum. 

Smith® has given a most welcome interpretation of 
microstructures that seems to have a direct bearing on 
the present subject. He shows, for example, that when 
a second phase forms at the line of intersection between 
three grains of a metal, the second phase approaches a 
geometrical configuration in which the interfacial sur- 
face tensions are vectorially in balance; i. e., in a state 
of minimum energy. If the surface tension of the sec- 
ond phase is about equal to that of the metal grains, it 
will form a triangular section with dihedral angles of 
120°. If the surface tension of the second phase is the 
greater, the angles will be more than 120°. As the sur- 
face tension decreases, the angles become more acute 
until when the surface tension approaches zero, it will 
spread out infinitely between the grains as a thin film. 

From this viewpoint, it may be argued that the dif- 
ference between the eutectic or film Type II and the 
larger, angular Type III sulphides is one of degree 
rather than kind, the difference being mainly that of 
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surface tension. In the case of Type II inclusions, the 
sulphide, itself, or the eutectic containing the sulphide 
has a relatively low surface tension and spreads out as 
a film between the steel crystals. The sulphides of the 
Type III have a higher surface tension which causes 
them to agglomerate into compact masses having more 
obtuse angles. Excess aluminum or zirconium appar- 
ently increases the surface tension of the sulphides but 
under certain conditions not enough to produce the 
regular Type III. Considerable more exploration 
should be done to learn just what these conditions are. 


Summary 


The relative deoxidizing powers of the elements 
studied may be placed in the following order: alumi- 
num and zirconium about equal and at the top, then 
titanium, boron, silicon, vanadium, and manganese in 
descending order. Magnesium gave evidence of de- 
oxidizing power but is so difficult to use as to be imprac- 
ticable. Calcium showed no deoxidizing effects at all. 

Type II sulphides were produced by small additions 
of aluminum, zirconium, titanium, and magnesium. 
Boron gave sulphides somewhat resembling Type II 
but larger. Type I sulphide inclusions only were pro- 
duced by silicon, manganese, and vanadium. 

Type III sulphides were found only in steels con- 
taining residual amounts of aluminum or zirconium. 
Under certain conditions, such as for very low carbon 
or silicon contents, or too large aluminum content in 
medium-manganese steel, aluminum failed to produce 
Type III sulphides. 

The insoluble aluminum in aluminum-treated steels 
was found to be a constant at about 0.006 per cent. 
The best way to determine residual aluminum in 
routine analysis is to determine total aluminum spec- 
troscopically and subtract the constant for insoluble 
aluminum. 
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DISCUSSION 


Chairman: R. E. Kerr, Pettibone Mulliken Corp., Chicago 

Co-Chairman: G. W. JOHNSON, Vanadium Corp. of America, 
Chicago 

E. C. ZUPPANN:* Messrs. Sims, Saller and Boulger are to be 

complimented for this worthwhile contribution to foundry 

technical literature. The authors state that shape and distribn- 

tion of the sulphide inclusions referred to-in the paper are 
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related to deoxidation. Also, all elements used were reputed 
to have deoxidizing effects on the steel. All papers to date, on 
this subject, have dealt with various amounts of deoxidizers with 
no information as to the exact state of oxidation of the slag or 
the metal either before or after their use. 

It seems to me that it is the level of deoxidation attained, 
rather than the deoxidizer used, that determines the state of 
the sulphide inclusions. However the authors show no quantita- 
tive information on FeO, the most active ingredient of the melt. 
They have shown residual metallic aluminum which is a step 
in the right direction. Except for aluminum the authors show 
only total alloy content of the metal and do not differentiate 
between metallic residual and that incorporated in inclusions, 
Are we going to get the same type of inclusions with a given 
amount of deoxidizer in a heat tapped from under a 12 per cent 
FeO slag as from under an 18 per cent FeO slag? 

The use of the induction furnace for making these heats is, 
of course, an almost necessity in laboratory scale experiments. 
Do the authors feel their results are directly applicable to the 
probably more highly oxidized heats from open-hearth and 
electric arc furnaces? 

Mr. Sims: The oxygen content of the steels was very nearly 
a constant before deoxidation in most of the heats. Carbon is 
the principal controlling factor at that period and most of the 
heats were around 0.25 per cent carbon. There is no good 
relation between FeO content of a slag and of the steel under it. 
In addition, the heats were usually deoxidized with silicon 
before stronger deoxidizers were added. But even had we 
started with various oxygen contents in the steels it should not 
have made any difference. The conclusions are based on the 
premise that, after deoxidation, the FeO content of the steel is 
a function of the residual content of deoxidizer, regardless of 
how much there was to begin with. Deoxidaticn, of course, is 
considered to be a function of the elimination of FeO rather 
than of total oxygen. 

It is usually difficult to determine directly, the manner in 
which oxygen is combined in steel. Some vacuum-fusion ana- 
lyses for total oxygen gave the following results: 

Total Oxygen, per cent 


Silicon deoxidation (0.35 per cent Si) 0.019 
Si + Al (0.002 per cent acid soluble Al) 0.008 
a ” (0.007 per cent ” r; 0.006 
x ” (0.015 per cent ” oi i: 0.005 


Higher aluminum contents did not lower the total oxygen 
below 0.005 per cent which checks very well with the value of 
0.006 per cent for insoluble aluminum. From these figures it is 
deduced that with 0.002 per cent residual aluminum the oxygen 
present as FeO is 0.003 per cent. This is apparently the content 
at which the first Type II sulphides appear. 


1 Wilson Foundry & Machine Co., Pontiac, Mich. 
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No distinction was made between total and residual contents 
in the case of boron and titanium and with zirconium only 
the first analysis, that of 0.002 per cent zirconium, is for the 
residual content. 

One other case in which an oxygen determination was made 
was on a steel treated with 0.4 per cent of calcium as calcium 
silicon. The total oxygen content was then 0.019 per cent or 
the same as the steel treated with just silicon. This gives no 
evidence of deoxidation by the calcium. 

S. L. GERTSMAN:? It occurs to me that if the state of deoxida- 
tion or the FeO content determines the type of sulphide in- 
clusion that you get in mild steels, why is it, that with steel 
over 0.030 sulphur, you are more apt to get this Type II 
sulphide inclusion? 

Mr. Sims: This was not determined in the present study. 
In fact, many questions are left unanswered. From data 
obtained in the past, however, I would not expect the degree 
of deoxidation, at which the Type II sulphide first appears, to 
vary with the sulphur content. The damage that eutectic sul- 
phides do to the ductility does vary with the sulphur content be- 
cause the greater quantity of sulphides gives a more continuous 
grain boundary envelope. 

H. B. Myers:* First, I would like to thank Dr. Sims and his 
co-workers for the fine paper that they have presented. I would 
like to inquire as to whether the present work has been tied in 
with physical properties and with pinhole porosity in green 
sand molding. It has been my impression from previous experi- 
ence in this field that when Type II inclusions replace Type I 
inclusions, pinhole porosity decreases and the reduction of area 
is quite adversely affected. Of course an excess of the deoxi- 
dizer (in this case aluminum) is added so that Type III 
inclusions are produced thereby insuring against porosity and 
obtaining good reduction of area as well. 

Mr. Sims: There were no tests made for mechanical prop- 
erties in this investigation. This could not be included with 
the time and funds available. There has been enough work 
done, however, to establish rather clearly the relation between 
ductility of cast steel and inclusion type. 

No particular attention was paid to the porosity problem in 
this study, but it was noted that none of the castings showed 
any porosity. This was undoubtedly helped by the fact that 
dry-sand molds were used. I agree with Mr. Meyers that the 
amount of aluminum which will produce Type II sulphides is 
usually enough to eliminate pinhole porosity. The principle 
reason for adding enough to produce Type III sulphides is to 
improve ductility but it also gives a greater margin of protection 
against porosity. 


2Canadian Bureau of Mines, Ottawa, Ontario, Canada 
* Roll Manufacturers Institute, Pittsburgh, Pa. 
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METALLOGRAPHY OF ALUMINUM 






CASTING ALLOYS 


A. M. Montgomery * 


MICROSCOPIC EXAMINATION of suitably polished 
and etched specimens of aluminum casting alloys 
enables the trained metallographist to determine many 
factors of commercial interest. The examination may 
reveal the method of casting (sand, permanent mold, 
or die casting), the type of alloy, the type and extent 
of heat treatment, the grain size, the presence of voids, 
inclusions or segregation, the type and thickness of 
surface coatings, the type and extent of corrosion, or 
the type of fracture in a casting failure. 

Each of these applications of the metallography of 
aluminum casting alloys is described following a dis- 
cussion of the selection of specimens and the various 
polishing operations. Typical micrographs of the com- 
mon aluminum casting alloys with the constituents 
identified are included. 


Selecting Specimens 


In the metallographic examination of an aluminum 
casting, the selection of representative specimens is 
most important. For example, in a casting composed 
of sections that vary in thickness, it may be necessary 
to examine a specimen from each section in order to 
evaluate the entire casting. Also, knowledge of the 
approximate stresses to which the casting will be sub- 
jected in service is helpful in the selection of specimens 
from the more highly stressed or critical areas. 

Chilled regions or sections near gates or risers gen- 
erally exhibit structural characteristics that are not 
typical of the complete casting. In some cases, however, 
it is desired to inyestigate these localized regions. 
Exploratory radiographic examination is helpful in 
selecting preferred locations for the removal of metal- 
lographic specimens. Preliminary inspection by means 
of fluorescent penetrating oil is useful in revealing 
surface cracks. 

Specimens should preferably be removed from cast- 
ings by sawing. Hammering or use of considerable 
force should be avoided since drastic distortion of the 
microstructure may result. The specimen size should 
not be unnecessarily large, for as the size of the pol- 
ished surface increases the attainment of a suitable 
polish becomes more difficult. A specimen 14x 14x 4 
in. can be prepared easily and rapidly. 


Polishing — Etching Metallographic Specimens 


Recommended polishing and etching practices for 
aluminum alloys have been thoroughly described by 
F. Keller (1948 edition, ASM Metals Handbook). 

Small or irregular specimens or those with a surface 
coating should be mounted in plastic. Bakelite or 
lucite are satisfactory, and may be used in the various 





* Head, Metallographic Dept., Cleveland Research Div., 
Aluminum Co. of America, Cleveland. 
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metallurgical mounting presses that are available. The 
manufacturers’ recommendations should be followed 
to produce uniformly mounted specimens. The speci- 
men is first filed flat to remove any metal distorted 
by the sawing operation. It is then ground successively 
on 180-grain aloxite paper or 120 emery cloth, No. | 
metallographic paper, and No. 3/0 paper, using kero- 
sene as a lubricant in each case. 

Between the successive grinding stages, the specimen 
should be carefully cleaned to prevent carry-over of 
coarse abrasive grains. It should also be rotated 90° 
to the direction of the preceding grinding marks. 
After the kerosene is removed from the ground speci- 
men, polishing is begun on a broadcloth or gamal- 
cloth wheel using a water suspension of 600 alundum 
flour as an abrasive. Polishing is continued for twice 
as long as is necessary to remove the grinding marks 
from the No. 3/0 paper in order to insure the removal 
of distorted metal. 

After washing with soap and water, the specimen is 
transferred to the final wheel which is covered with 
broadcloth, gamal-cloth, or velvet. A fine polish is 
produced using a paste of heavy magnesium oxide in 
distilled water as an abrasive. The pressure and speed 
of the wheel are gradually diminished as polishing 
proceeds. When all obvious scratches have been re- 
moved and the specimen has a uniformly specular 
appearance, it is washed under hot tap water and 
blown dry. 

The specimen may be examined in the as-polished 
condition for voids, inclusions, or segregation. It is 
then usually etched by swabbing or by immersion to 
remove the last traces of flowed metal from the polish- 
ing operation and to reveal details of the microstruc- 
ture. A solution of 0.5 per cent HF in water is the 
most common swab etching reagent, while Keller's 
etch (1 ml HF, 114 ml HCl, 2144 ml HNO, 95 ml 
H,O) is the most common immersion etchant. 


Intermediate Polishing Is Important 


It should be emphasized that for aluminum casting 
alloys the intermediate polishing operation on the 
cloth wheel with 600 alundum flour should be care- 
fully performed. Somewhat more time and heavier 
pressure should be used in polishing cast alloys than 
wrought alloys on this wheel. 

If these procedures are not followed voids may not 
be revealed, and erroneous interpretations may result. 
Thus, in the past, numerous micrographs have shown 
lines identified as “dross films” which were actually 
voids that had not been uncovered during this inter- 
mediate polishing stage. A simple test for determining 
the nature of such lines consists of pressing the sur- 
rounding material with a needle while viewing the 
operation under the microscope. If the layer over the 











250 


voids collapses under pressure from the needle, the 
line is not a dross film. 

Macroscopic examination of sections of aluminum 
alloy castings is useful in revealing voids, grain size 
and shape, segregation, and inclusions. Surface prepa- 
ration is generally limited to grinding on a belt sander, 
or machining to a smooth, uniform surface on a lathe 
or shaper. For somewhat better results, these proced- 
ures may be followed by a commercial buffing opera- 
tion, although buffing may be accompanied by marked 
surface flow. The section is then etched by immersion, 
swabbing, or pouring the etching reagent over the 
prepared surface. 

Macro etchants are generally strong solutions of 
caustic or mineral acids, and therefore the temperature 
and time of etching must be closely controlled to pre- 
vent overetching. A 10 per cent sodium hydroxide- 
water solution at 150 F is a good general macro etching 
reagent. With copper-containing alloys, it is necessary 
to swab or immerse an etched specimen with concen- 
trated nitric acid to remove the black copper etching 
residue. The specimen should then be washed with 
hot water and blown dry. 

Voids may be revealed by the grinding or machining 
operation alone, although etching usually aids in the 
detection by the removal of embedded chips. Non- 
metallic inclusions may also be apparent without etch- 
ing since they are generally harder than the matrix 
and stand in relief. The detection of segregation is 
facilitated by etching since the segregate will have 
different etching characteristics than the matrix. The 
procedure required for the macroscopic determination 
of grain size depends on the size of the grains—the 
finer the grains, the more careful must be the grinding 
or machining preparation. 


Structure of Casting Alloys 


Most commercial aluminum casting alloys consist of 
hypo-eutectic structures in which aluminum solid solu- 
tion dendrites are the matrix. Upon etching, these 
primary dendrites often show coring in the as-cast con- 
dition as revealed by a different etching rate of the 
periphery of the dendrites compared with the center. 
Binary and ternary eutectics are distributed around 
the dendrites and form the remainder of the structure. 

These eutectics are always of the “divorced” type in 
commercial aluminum casting alloys; that is, the eu- 
tectics consist of discrete particles of the alloying ele- 
ment or the intermediate phase and the surrounding 
aluminum solid solution, rather than the pearlitic 
structure characteristics of eutectics in richer alloys. 
The aluminum solid solution part of the eutectic 
blends into the primary aluminum solid solution with- 
out any noticeable boundary. 

Alloying additions may appear as elements contain- 
ing some aluminum in solid solution (Si), (Sn), (Pb), or 
as intermediate phases of one or more elements with 
aluminum (AlI-Cu), alpha (Al-Fe-Si), or as intermedi- 
ate phases of alloying elements without aluminum 
(Mg-Si), alpha (Ca-Si). 


Effect of Solidification Rate 


The solidification rate of aluminum castings is re- 
flected by the microstructure. As the solidification rate 
increases, the size of the dendrite cells (the cross sec- 
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tion of the dendrite branches) decreases, the constitv- 
ent size is reduced, and generally the grain size dimi - 
ishes. However, grain size is not always a reliab| 
criterion of solidification rate since it is also affecte:| 
by the presence of grain refiners. 

In addition to these effects, the size of gas porosit, 
decreases with increasing solidification rate. By ex 
amination of the microstructure and comparison wit!) 
standard specimens, therefore, it is possible to dete: 
mine whether a specific casting was sand cast, perma 
nent mold cast, or die cast since these three methods 
of casting represent appreciably different rates o! 
solidification. 


Identifying Alloy Type 

Alloy types may be determined from the identities 
and quantities of the constituents present provided the 
solid solubility of an alloying element is exceeded and 
the element is represented by a distinctive constituent. 
Thus, in a specimen of an aluminum-copper alloy, the 
quantity of (Al-Cu) constituent present is a direct 
function of the weight percentage of copper in the 
alloy. 

Similarly, the quantity of (Si) in an aluminum- 
silicon alloy is a function of the weight percentage vi 
silicon. Each constituent has a different specific vol- 
ume and solid solubility, however, so that microscopic 
fields containing equal areas of (Al-Cu) and (Si) are 
indicative of unequal weight percentages of copper 
and silicon in the alloys. Estimation of the weight 
percentage of an alloying element, therefore, neces- 
sitates comparison with specimens of known composi- 
tion. Identification of alloy type by this method is 
applicable to practically all commercial aluminum 
casting alloys. 

The type and extent of heat treatment may be de- 
termined from the appearance and quantity of those 
constituents which are known to be soluble at elevated 
temperatures. A solution heat treatment generally 
dissolves most of the soluble constituents present in 
the as-cast condition and thus increases the continuity 
of the aluminum solid solution matrix. Coring of the 
dendrites is eliminated or at least greatly reduced. 
Even the “insoluble” constituents remaining after 
solution heat treatment may show some slight solu- 
bility as evidenced by the rounding of the corners of 
normally angular particles. 


Heat Treatment Effects 


A solution heat-treated alloy has marked grain con- 
trast when compared to the as-cast material. That is, 
if a polished specimen is etched with a reagent that 
attacks or colors each grain at a rate depending on its 
orientation, the contrast in attack or color between ad- 
jacent grains is at a maximum in the solution heat- 
treated condition. Evidence that an excessively high 
heat-treating temperature, resulting in incipient melt- 
ing, has been employed is provided by the presence of 
intergranular deposits of fine eutectic constituent par- 
ticles, or of round intra-granular “rosettes” of eutectic. 

It is difficult and sometimes impossible to distinguish 
microscopically between solution heat-treated castings 
and those similarly treated but subsequently artificially 
aged. The major difference between such specimens 
is the reduced grain contrast in the latter. The parti- 
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Fig. 1—Sand-cast alloy 112. Two-step etching distin- 
guishes black iron constituents, Chinese script alpha 
11-Fe-Si and needles of alpha Al-Cu-Fe, from rounded, 
white Al-Cu. Etched in 20 per cent H,SO, at 70 C 
for 30 sec followed by 0.5 per cent HF etch. X250. 
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Fig. 3—Sand-cast. alloy 195-F. Almost continuous inter- 

dendritic network of Al-Cu and alpha Al-Fe-Si sur- 

rounding cored aluminum solid solution dendrites. 

Coring is indicated by precipitated Al-Cu in the 
shaded areas. Keller’s etch. X250. 
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Fig. 5—Sand-cast alloy 142-F. Complex constituent net- 

work of Al-Cu, Mg-Si, Al-Cu-Ni, and alpha Al-Ni. The 

alpha Al-Ni penetrates the aluminum solid solution 

dendrites indicating that it formed early in the solidi- 

fication process, before the other constituents. Etched 
in 0.5 per cent HF. X250. 
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Fig. 2—Sand-cast alloy 212. Two-step etching distin- 
guishes black alpha Al-Fe-Si from gray Si and white 
Al-Cu. Rounded lacy areas associated with Al-Cu are 
ternary eutectic. Etched in 20 per cent H,SO, at 70 
C for 30 sec followed 0.5 per cent HF etch. X250. 
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Fig. 4—Solution heat treated sand-cast alloy 195-T6. 

Heat treatment has dissolved practically all Al-Cu and 

eliminated coring. “Chinese script” alpha Al-Fe-Si is 
unchanged. Keller’s etch. X250. 
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Fig 6—Solution heat treated and stabilized sand-cast 
alloy 142-777. Heat treatment has successively dis- 
solved and precipitated the soluble Al-Cu and Mg-Si. 
The alpha Al-Ni etches darker and the Al-Cu-Ni is 
slightly rounder. Etched in 0.5 per cent HF. X250. 
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cles formed during these aging treatments are usually 
submicroscopic in size. When a stabilizing treatment 
or a long-time aging treatment is applied, the precipi- 
tate particles may become visible. An annealing treat- 
ment results in coarse, well-formed particles. 


Determining Grain Size 


Grain size of aluminum alloy castings can be meas- 
ured approximately by visual comparison of polished 
and etched specimens with photographs or specimens 
of known grain size. A somewhat more accurate and 
convenient method consists of inscribing a line of 
known length on a polished and etched specimen and 
counting the number of grains intersected by the line, 
using a low-power microscope or hand glass. The 
length of the line is divided by the number of grains 
to yield an average grain diameter in inches per grain. 

A still more precise but less convenient method 
consists of counting the number of grains in a circle 
of known diameter at a magnification of X50 orX100 
and expressing the grain size in grains per unit area. 
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for determining the type of porosity in a casting sinc: 
a more general, over-all appraisal is obtained. 

Inclusions are occasionally found in aluminum allo 
castings as coarse discrete particles, or as thin films o 
non-metallics consisting chiefly of aluminum oxide. 
They may be detected visually on polished metallo 
graphic specimens since they stand in relief and caus: 
drag marks on polishing. Microscopically, inclusions 
generally appear black under normal incident illu 
mination. Since they are present in the melt before 
solidification occurs, the surrounding microstructur: 
in the solid casting will conform to the shape of the 
inclusions rather than vice versa. 

Segregation may be detected in metallographic speci 
mens as larger than normal concentrations of alloying 
constituents. Segregation is usually associated with hot 
cracks, shrinkage, or liquation. 


Surface Coatings 


Aluminum alloy castings are usually supplied with- 
out surface coatings. However, some castings may be 


TABLE 1 — NOMINAL COMPOSITION OF ALLOYS ILLUSTRATED IN PHOTOMICROGRAPHS (FIGs. 1-16). 













































































Commercial ASTM No. Composition, per cent 
Alloy No. Present Former Cu Si Mg Zn Ni Cr Ti 
112 CS22 Cc 7.0 1.7 siete scat — 
212 Cc 8.0 12 = = Vig ie a eee ess ae 
195 Cl G 4.5 0.8 ES 
142 CN21 H 4.0 1.5 2.0 eee eS so 
122 CG1 F 10.0 0.2 a om 
43 $l J 5.0 ea 
355 SC21 N 1.3 5.0 0.5 — aot» 
356 SGl M 7.0 0.3 
319 SC8 pe 3.5 6.3 
214 Gl 3 3.8 
220 G3 ee as 10.0 
40E ZG41 Oo 0.5 5.25 a 0.5 0.2 





The typical grain size diameter of permanent mold 
castings is from 0.01 to 0.05 in. Grains in sand castings 
generally vary in diameter from 0.01 to 0.2 in. although 
coarser grains may be occasionally encountered. 


Detecting Voids — Inclusions — Segregation 


The general term “void” has been used to include 
a number of discontinuities of various origins. Gas 
porosity, shrinkage porosity, entrapped gas holes, and 
cracks are the most prevalent types of voids in alumi- 
num castings. Entrapped gas holes may be recognized 
by their spherical shape and coarse size. Cracks are, 
of course, characterized by their shape. 

Aluminum alloy castings almost invariably contain 
some gas porosity. When present in relatively large 
quantity, gas porosity commonly appears as spherical 
voids. However, gas porosity usually assumes an inter- 
dendritic shape because the voids are formed after 
solidification of the alloy has started. Thus it is 
sometimes difficult to distinguish gas from shrinkage 
porosity which always has interdendritic appearance. 

The best criterion for distinguishing gas porosity 
from shrinkage is the distribution of the voids. Gas 
porosity is more uniformly distributed throughout a 
casting whereas shrinkage porosity is concentrated in 
regions which are poorly fed. Radiographic examina- 
tion, therefore, has the advantage over metallography 


given an electrolytic oxide coating or may be painted 
or electroplated, etc. 

Surface coatings are best examined by mounting a 
cross section in plastic. Amber bakelite is an excellent 
mounting material since it forms an adherent bond 
with the specimen that resists breaking during grind- 
ing. Coating thickness measurements may be made by 
a direct reading filar ocular or by projecting an image 
of the coating on the ground glass screen and measur- 
ing the image. Paint coatings appear opaque, colored, 
and lamellated under dark field illumination. 

Electrolytic oxide coatings are translucent in dark 
field and are also characterized by the protrusion of 
constituents into the coating since the coating is formed 
by oxidation of the aluminum portion of the surface 
while the constituents are generally unattacked. Sur- 
face coatings of electro-deposited metals are obviously 
characterized by their metallic appearance under the 
microscope and frequently by a columnar structure 
normal to the plated surface. 

Corrosion is not a serious factor in the service life 
of castings since the heavy section size characteristic of 
castings generally precludes the possibility of failure 
by corrosion. Occasionally, however, the appearance of 
castings may be impaired by corrosion. 

Types of corrosion in aluminum alloy castings may 
be divided into three groups—pitting, intergranular, 
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Fig. 7—Sand-cast alloy 122-F. Large quantity of Al- 

Cu closely associated with needles of alpha Al-Cu-Fe. 

Dendrites contain percipitate of Al-Cu. Etched in 20 

per cent H,SO, at 70 C for 30 sec followed by 0.5 per 
cent HF etch. X250. 
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Fig. 9—Sand-cast alloy 355-F. Interdendritic network 
of Si, Al-Cu, and beta Al-Fe-Si. Etched in 0.5 per cent 
HF. X250. 
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Fig. 8—Sand-cast alloy 43. Interdendritic network of 
Si with associated needles of beta Al-Fe-Si. Etched in 
0.5 per cent HF. X250. 
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Fig. 10—Solution heat treated sand-cast alloy 355-T6. 

The Al-Cu has been dissolved, Si has been spheroidized, 

and beta Al-Fe-Si has not been changed by heat treat- 
ment. Etched in 0.5 per cent HF. X250. 
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Fig. 12—Sand-cast alloy 319-F. Angular, gray Si; 

rounded, white Al-Cu; script-like, gray alpha Al-Fe-Si; 

and rosettes of ternary eutectic. Etched in 0.5 per cent 
HF. X250. 


Fig. 11—Sand-cast alloy 356-F. Interdendritic network 

of Si with small quantities of Mg-Si and Al-Fe-Si. 

Solution heat treatment will dissolve the Mg-Si and 

partially spheroidize the Si particles. Etched in 0.5 
per cent HF. X250. 
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Fig. 13—Sand-cast alloy 214. Primarily a solid solution 

type alloy with only small quantities of Mg-Si and 

alpha Al-Fe along the grain boundaries. Etched in 0.5 
per cent HF. X250. 
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Fig. 15—Sand-cast alloy 220-F. Intergranular and inter- 

dendritic network of alpha Al-Mg with small quanti- 

ties of associated Mg-Si and alpha Al-Fe. Etched in 0.5 
per cent HF. X250. 


and intragranular. Pitting corrosion exhibits no pref- 
erence as to its method of attack on a microstructure. 
It proceeds intergranularly at the same rate as intra- 
granularly with the result that simple, smooth-walled 
pits are formed. Intergranular corrosion, on the other 
hand, proceeds principally along grain boundaries to 
an extent that it may form a network of corrosion 
enveloping the grains. 

Intragranular corrosion includes several types of 
attack in which the corrosion may show a preferential 
attack on the aluminum solid solution dendrites, or 
between constituents and the matrix within a grain. 
Stress corrosion is a rarely encountered intergranular 
attack which is accentuated by tensile stresses. Stress 
corrosion is generally confined to a relatively few inter- 
granular stringers that proceed perpendicular to the 
direction of the stress. A metallographic examination 
of corrosion in castings should include determinations 
of the depth of penetration, the type of attack, and the 
relative order of attack if several types are present. 

Occasionally castings are underdesigned or over- 
loaded in service with the result that failure may occur. 
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Fig. 14—Sand-cast alloy 40E. Another solid solution 
alloy with only small quantities of intergranular Mg- 
Si and alpha Al-Fe-Si. Keller’s etch. X250. 
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Fig. 16—Solution heat treated sand-cast alloy 220-T4. 

Heat treatment has dissolved practically all the alpha 

Al-Mg and rounded the Mg-Si. The alpha Al-Fe is 
unchanged. Etched in 0.5 per cent HF. X250. 


Such failures may exhibit either a tensile or a fatigue 
type of fracture. A tensile failure indicates that the 
casting has been loaded excessively. The resulting 
fracture will progress in an erratic manner through the 
microstructure, proceeding along the interdendritic 
eutectic network or through the aluminum solid solu- 
tion and exhibiting no preference. 

Fatigue fractures, on the other hand, are chiefly 
confined to the solid solution and to certain crystallo- 
graphic planes therein. As a result, fatigue fractures 
have a jagged, lightninglike appearance under the 
microscope caused by the fracture proceeding from one 
crystallographic plane to a parallel plane in the same 
grain. Macroscopically, fatigue fractures have a crys- 
talline appearance with facets proportional to the 
grain size and generally exhibiting “oyster shell” 
curved progression lines concentric with the nucleus of 
the failure. 

Representative photomicrographs of the common 
aluminum casting alloys are given in Figs. 1-16. These 
illustrations are typical of sand-cast 14 in. thick sec- 
tions of alloys of nominal composition cast at commer- 
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TaBLe 2—Mayjor CONSTITUENTS OF ALLOYS 
ILLUSTRATED IN PHOTOMICROGRAPHS 





Commercial 


Alloy No. Major Constituents. 





112 (Al-Cu) , a(Al-Cu-Fe), a (Al-Fe-Si) 
212 += (Al-Cu), (Si), a(Al-Fe-Si) 
195 (Al-Cu) , a (Al-Fe-Si) 
142 a(Al-Ni), (Mg-Si), (Al-Cu-Ni), (Al-Cu) 
122 (Al-Cu) , a (Al-Cu-Fe) 
43 (Si), B(Al-Fe-Si) 
355 (Si), B(Al-Fe-Si), (Al-Cu) 
356 (Si) , 8 (Al-Fe-Si) , (Mg-Si) 
319 (Si), (Al-Cu), a (Al-Fe-Si) 
214 (Mg-Si) , a (Al-Fe) 
220 a(Al-Mg), (Mg-Si), a (Al-Fe) 
40E (Mg-Si), a (Al-Fe-Si) 





cial casting temperatures. The nominal compositions 
of the alloys are listed in Table I. The major constitu- 
ents are indicated on the micrographs and also are 
listed in Table 2. Micrographs showing the effect of 
solution heat treatment on an aluminum-copper, an 
aluminum-copper-magnesium-nickel, an aluminum- 
silicon-magnesium, and an aluminum-magnesium alloy 
are also included. 

The micrographs of Figs. 1-16 were made at a magni- 
fication of X250, not only to obtain a general view of 
the microstructure including the size, distribution, and 
quantity of constituents and the size of aluminum 
solid solution dendrites, but to identify the constituents 
as well. In practice, other magnifications are also used, 
ranging from X100 for general examination to X500 
for identification of constituents. 


Typical Microstructures of Sand Cast Aluminum Alloys 


Examination of these micrographs will enable metal- 
lographists who are not familiar with the structures of 
aluminum casting alloys to determine if the composi- 
tion of a specimen of an alloy is approximately correct 
by a comparison of the type and quantity of the con- 
stituents present in the specimen and in the correspond- 
ing micrograph. Thus the presence of larger needles, 
beta (Al-Fe-Si), than those in the micrograph of alloy 
43 (Fig. 8), may indicate an excessive iron content. 

The micrographs illustrate a specific section size 
(14 in.) and a particular commercial pouring tempera- 
ture. As explained previously, when the section size 
or pouring temperature increases, the solidification 
rate decreases and the solid solution dendrites as well 
as the constituents become coarser. Thus an indication 
of the pouring temperature of a 14 in. thick casting 
may be obtained by comparing its microstructure with 
the micrograph of the corresponding alloy. A coarser 
structure than that of the micrograph will indicate a 
higher pouring temperature. 

Micrographs demonstrating the effects of solution 
heat treatment may be used to estimate the degree of 
heat treatment in a specimen. This may be deduced 
from the quantities of the soluble constituents remain- 
ing after solution heat treatment in alloys 142, 195, 220 
and 355 which show practically complete solution heat 
treatments in all cases. 

An incomplete solution heat treatment will be in- 
dicated, therefore, by the presence of more than the 
few small undissolved particles of soluble constituents 
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indicated in these micrographs. This does not strictly 
apply to castings that have solidified more slowly than 
the 1% in. sections illustrated in Figs. 1-16. Such cast- 
ings may exhibit somewhat more but still only a small 
quantity of undissolved constituents after being sub- 
jected to the standard solution heat treatment. 


Summary 


Metallographic examination is but one of a number 
of means of examining aluminum alloy castings that 
are available to the metallurgist. Like other methods, 
it supplies certain specific information unobtainable in 
any other way. Unlike other methods, it may be used, 
in addition, to yield a variety of general information 
depending on the skill and experience of the metallo- 
graphist. It is hoped that this article will contribute 
to both fields of information. 


DISCUSSION 


Chairman: T. E. Kramer, Acme Aluminum Alloys, Inc., Day- 
ton, Ohio 

Co-Chairman: A. W. STOLZENBURG, Aluminum Co. of America, 
Detroit 

CHAIRMAN KRAMER: Does the author know of a simple frac- 
ture test to determine whether an aluminum casting was over- 
heated in solution heat treatment or not? 

Mr. Montcomery: I do not believe there is any such simple 
test. Overheating during solution heat treatment will, of course, 
cause formation of intergranular deposits of eutectic so that the 
grain boundaries will be brittle and any fracture which occurs 
will be largely intergranular. An intergranular fracture in a 
material that normally fractures intragranularly, therefore, 
might be an indication of overheating. However, this should be 
confirmed in every case by metallographic examination. 

CHAIRMAN KrAmeER: Upon metallographic examination of in- 
clusions in an aluminum casting, can the author give the actual 
chemistry or analysis of these inclusions? 

Mr. MONTGOMERY: We prefer to examine inclusions by the 
x-ray diffraction method. This method gives a positive analysis 
of the material. Although low-power microscopic examination 
is worthwhile in identifying obvious inclusions such as sand 
grains or a piece of melting pot or similar material, in the case 
of inclusions such as aluminum oxide or spinel it is practically 
useless to try to identify such material microscopically. In this 
case the x-ray diffraction method is of great help. 

HirRAM Brown: I would like to ask three questions. 

1. Has the author ever come across any solid solution Al-Mg 
type alloys that gave a 5-sided figure which occurred in prac- 
tically no other form? 

2. How is the metal cast to the grain size, etc.? The author 
stated that grain size is not a good criterion. He also mentioned 
dendritic size, also. Is that a better criterion? 

3. What effect does slow cooling have on the microstructure 
of, for example, Al-Zn-Mg alloys? I am thinking particularly of 
investment casting, erroneously called precision casting. 

Mr. Montcomery: There is only one 5-sided constituent I 
know of which we observe in aluminum casting alloys and that 
is calcium silicide. It may be possible though for several other 
constituents to assume an imperfectly crystallized form yielding 
a pentagonal shape. For instance, alpha (Al-Fe-Si), when it is a 
primary constituent, may assume that shape. Calcium silicide 
is the only pentagonal constituent. It has a dull gray color. 
Whenever it is etched with 0.5 per cent hydrofluoric acid solu- 
tion it is quickly attacked and blackened. 

It has been our experience that dendrite size is a better indi- 
cation of solidification rate than grain size. We have found an 
almost linear relationship at times between the dendrite size 
(the cross-section of the dendritic arms) and the solidification 
rate, whereas in the case of grain size we have found some 
coarse-grained material which we were quite certain solidified 
fairly rapidly. 


1 Chief Metallurgist, Solar Aircraft Co., Des Moines, Iowa 








256 


Slow cooling generally causes diffusion to take place between 
the center and the outside of the dendrites. In other words, not 
as much coring occurs during slow cooling. For that reason 
fewer particles of the intermediate phase are encountered in 
material which has solidified very slowly. 

S. B. AsHKINAzy:? How large a temperature differential does 
it represent between the intragranular rosette type of overheat- 
ing and the intergranular melting? 

Mr. MontcoMery: There should be no temperature differen- 
tial between the two types of eutectic melting if both regions 
have the same composition. On solidification some eutectic is 
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trapped between dendrite arms and forms rosettes while the \e- 
mainder is deposited along grain boundaries. On subsequent 
solution heat treatment, or rather overheating, both regions will 
melt at the same temperature unless sufficient diffusion has 
occurred to change the composition at one or the other locations. 
In cases of excessive overheat more continuous films are deposit:d 
along the grain boundaries because of their interconnected 
nature. 


2 Materials and Process Standards Supervisor, Sperry Gyroscope Co., Great 
Neck, N. Y. 
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EFFECTS OF MELTING ATMOSPHERE, TIME AT TEMPERATURE 
AND DEGASIFICATION ON PROPERTIES OF VALVE BRONZE 


By 


_W. H. Baer and B. M. Loring * 


ABSTRACT 


The effects of atmosphere, time at temperature, and degasifi- 
cation on mechanical properties of valve bronze were studied with 
100-lb melts made in a lift-coil induction furnace. The melts 
were made (1) in air, (2) under dry charcoal, and (3) under damp 
charcoal. The first type of atmosphere produced favorable me- 
chanical properties, the second much less favorable, and the 
third extremely poor properties. Holding time had relatively 
little effect. Degasification with dried nitrogen improved proper- 
ties only when the melt had been made under the damp charcoal. 


THE PRIMARY PURPOSE of the present work was to 
investigate effect of time of holding valve bronze in 
the molten condition under different melting atmos- 
pheres on the mechanical properties of cast test speci- 
mens. The melting atmospheres investigated were 
normal air, dry charcoal, and wet charcoal. Effect of 
flushing with dry nitrogen gas was studied in duplicate 
melts. Atmosphere, holding time and flushing with 
nitrogen gas were the only factors changed significantly 
in the experimental melts since chemical analysis vari- 
ations were minimized by making all melts with ingots 
from a master heat. 

Effects of melting practice and gases dissolved in 
molten metal on quality of tin bronze castings have 
long been of interest to foundrymen and consumers. 
Melting temperature, charging technique, remelting, 
furnace design, and treatment with fluxes have been 
found to affect casting soundness and strength.1? In 
an investigation by Baker, gun-metal was melted in a 
gas-fired furnace using a slightly reducing flame. A 
50-50 copper oxide-potassium nitrate flux was added 
for 5 min and 0.05 per cent phosphorus was added to 
the melt before pouring. The 5-min oxidation treat- 
ment followed by deoxidation was effective when the 
zinc content was low, i.e., up to about 0.5 per cent 
zinc, but it had little eifect when larger amounts of 
zinc were present.? Since most commercial tin bronzes 
in this country contain at least 3.5 per cent zinc, this 
method would have very limited application. Informa- 
tion is scarce however on the effects of atmospheres, 


* The authors are on the staff of the U. S. Naval Research 
Laboratory of the Office of Naval Research, Washington, D. C. 
The statements contained herein are those of the authors and 
do not necessarily reflect the opinion of the Navy Department. 
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holding time at temperature, and treatment with inert 
gases on bronze melts. 

A number of nonferrous metallurgists attach great 
importance to melting bronzes with oxidizing furnace 
conditions. Some believe that a slightly oxidizing at- 
mosphere of one-half to one per cent of free oxygen 
content in the furnace gases is desirable. Others main- 
tain that reducing conditions result in less zinc lost 
and give as good quality metal. In actual practice both 
reducing and oxidizing atmospheres are used. 

The time of holding molten bronze in the furnace 
is kept short to improve fuel economy and to increase 
production, but delays can not always be avoided. The 
available data in the literature suggest that prolonged 
heating is detrimental to metal quality.* 

Use of inert gases including dry nitrogen bubbled 
through molten metals to remove gaseous impurities 
has been described in a U. S. Patent.* Degasification of 
aluminum alloys with dried nitrogen is now widely 
practiced.5 There has been great reluctance on the 
part of many foundry metallurgists in this country, 
however, to consider such methods for bronzes. In 
Great Britain it has been reported that degasification 
of bronze melts could be accomplished by scavenging 
with either dry nitrogen or air. Baker and his col- 
leagues degassed a copper-tin-zinc-lead alloy of com- 
position 86:7:5:2 with dry nitrogen and found that the 
mechanical properties were highest when this alloy 
had been melted down under strongly oxidizing condi- 
tions. The authors claim “Gassy melts can be quickly 
degassed by scavenging treatment with nitrogen or 
air, but the copious evolution of zinc fume and the 
attendant metal loss do not commend this as a prac- 
tical procedure.’ Information on losses of this element 
by vaporization and oxidation was not given. 


Experimental Procedure 


The metal for this investigation was first prepared 
in'a 1000-lb master heat of nominal composition, 88 
copper, 6 tin, 4.5 zinc, and 1.5 lead according to Navy 
Specification 46B8i, Aug. 1, 1946. Grade A copper, 
electrolytic zinc, Straits tin, and Grade A lead were 
melted in an open clay-graphite crucible in a high- 
frequency coreless induction furnace. Although sev- 
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eral lumps of charcoal were kept floating on the sur- melts of this investigation were melted in 100-lb 
face to prevent an excessive loss of zinc, the conditions batches under either (a) no cover, (b) a dry charcoal 


of melting were essentially oxidizing. An addition of 
2 oz of 15 per cent phosphor-copper per 100-lb of 
metal was made prior to casting the alloy into pigs of 
approximately 25 Ib each. 

Ingots from the master heat and in some cases sprues The following variations of holding time and tem- 
of known composition from preceding experimental perature were used for each of the three atmospheres. 


cover 3 in. in depth or (c) a wet charcoal cover 3 in. 
in depth, in clay-graphite crucibles in a life coil high- 
frequency induction furnace. 
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. Heat to 1230 C (2250 F). 

. Heat to 1300 C (2375 F), then cool to 1230 C (2250 F). 

. Heat to 1300 C (2375 F), hold at this temperature for 5 
min, cool to 1230 C (2250 F). 

. Heat to 1300 C (2375 F), hold for 10 min, cool to 1230 C 
(2250 F). 

5. Heat to 1300 C (2375 F), hold for 15 min, cool to 1230 C 

(2250 F). 


onNn-= 


_— 


in each case an addition of 2 oz of 15 per cent phos- 
phor-copper per 100-lb heat was made, immediately 
before the molds were cast. The casting temperature 
was approximately 1200 C (2190 F). Three standard 
Navy 10A tensile test coupons and one sample for 
chemical analysis were cast from each heat. The ten- 
sile bars were used for determination of density, ten- 
sile strength, and elongation; the results are given in 
Fig. 1, 2, and 3, respectively. 

The above series of heats was then duplicated in 
every detail except that a treatment with dry nitrogen 
of high purity was added. The dew point of the nitro- 
gen was —62 C (—112 F) which corresponds to approxi- 
mately 0.02 milligrams of water vapor per liter; the 
percentages of the other active impurities, oxygen and 
hydrogen, were according to the manufacturer, 0.05 
per cent maximum and a trace, respectively. This dry 
gas was bubbled through the melt at a rate of about 
0.70 cu ft per min for 15 min after the holding period 
at 1300 C. During this treatment the temperature of the 
melt was held at 1230 C (2250 F). The standard addi- 
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tion of 2 oz of 15 per cent phosphor-copper per 100-Ib 
heat was made just before casting. Again, three stand- 
ard Navy 10A tensile test coupons and a sample for 
chemical analysis were cast from each heat. The aver- 
age density, elongation, and tensile strength for each of 
this series of heats are plotted in Fig. 4, 5, and 6. 


A number of preliminary experiments was necessary 
before a satisfactory method of bubbling gas through 
the melt was found. The first method consisted of 
passing the nitrogen into the melt by means of a car- 
bon tube of 1l-in. O.D. and 24 in. in length, which was 
made by drilling a 14-in. hole down the center of the 
tube to within a short distance of the bottom. Twelve 
holes of 14-in. diameter were evenly spaced through 
the sides near the bottom end. The tube was immersed 
vertically at the center of the melt. This method was 
found to be unsatisfactory. The method that was 
finally adopted and used throughout the remainder of 
the investigation consisted of passing the nitrogen to 
the bottom of the crucible through a carbon tube of 
24-in. length, but 2 in. in diameter, and having a 
Y%-in. hole drilled down the central axis. This tube 
was screwed into a porous graphite cylinder (No. 60 
grade graphite) 314 in. in diameter by 3 in. in length. 
The nitrogen emerged from the cylinder into the melt 
in extremely fine bubbles... When the cylinder was 
kept 10 in. below the surface of the melt, a pressure of 
approximately | psi was required to maintain the de- 


TABLE 1.—COMPOSITION OF VALVE BRONZE MELTED UNDER Wet CHARCOAL 








Element l 2 3 ios 5 6 7 

Copper 88.23 88.20 88.18 88.33 88.28 88.23 88.27 
Tin - 6.21 6.25 6.23 6.19 6.25 6.38 6.40 
Lead 0.57 0.61 0.67 0.67 0.67 1.11 1.12 
Zinc 4.93 4.94 4.94 1.89 4.89 1.28 4.21 


Samples No. | through No. 5 were from the same heat but held for varying lengths of time. 
Samples No. 6 and No. 7 were from another heat, No. 6 was not degassed but No. 7 was degassed for 15 min with N,,. 
These alloys were not used for mechanical properties, only for determination of loss of zinc. 





TABLE 2.--COMPOSITION OF VALVE BRONZE MELTED UNDER Dry CHARCOAL 











Element 8 9 10 1] 12 13 14 

Copper 87.98 87.88 87.90 87.92 87.91 88.60 88.68 
Tin 6.34 6.40 6.40 6.34 6.40 6.16 6.10 
Lead 1.28 1.30 1.36 1.37 1.37 1.43 1.43 
Zinc 4.40 4.42 4.34 4.37 4.32 3.81 3.79 


Samples No. 8 through No. 12 were from the same heat but held for varying lengths of time. 
Samples No. 13 and No. 14 were from another heat, No. 13 was not degassed, but No. 14 was degassed for 15 min with N,,. 
These alloys were not used for mechanical properties, only for determination of loss of zinc. 





TABLE 3.—COMPOSITION OF VALVE BRONZE MELTED WITH No CovER 








Element 15 16 17 18 19 20 21 

Copper 88.98 89.02 89.27 89.77 90.42 89.24 90.48 
Tin 6.22 6.23 6.21 6.19 6.15 6.12 6.03 
Lead 1.39 1.43 1.44 1.43 1.43 1.44 1.49 
Zinc 3.40 3.31 3.07 2.60 2.00 2.59 1.99 


Samples No. 15 through No. 19 were from the same heat but held for varying lengths of time. 
Samples No. 20 and No. 21 were from another heat, No. 20 was not degassed, but No. 21 was degassed for 15 min with N,. 
These alloys were not used for mechanical properties, only for determination of loss of zinc. 
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sired flow of gas. 

The castings were poured into Albany sand No. 00 
controlled to a moisture content of 6.5 per cent (+0.2 
per cent) having the following other characteristics as 
molded: 


Green Permeability 25 to 35 
Green Compressive Strength, psi 12 to 13 
Deformation, in. per 2 in. 0.0124 
Hardness, A.F.S. units 80 to 90 


After the molds had been rammed they were allowed 
to air dry for 24 hr before the castings were poured. 

The tensile specimens were machined to standard 
ASTM design of 0.505 in. in diameter and 2-in. gauge 
length. They were pulled at a rate of 0.05 in. per min 
in a hydraulic tensile testing machine. 


Discussion of Experimental Data 


Figures 1, 2, and 3 show variations of density, elonga- 
tion and tensile strength as affected by atmosphere 
alone. The values given are the average of six test 
specimens for each condition. The spread for each 
condition was less than +10 per cent of the value 
given. Figures 1, 2 and 3 show that the type of cover 
used is a very important factor in determining the 
mechanical properties of valve bronze. Density and 
tensile strength are much superior when melting is 
carried on in open air with oxidizing conditions than 
when done under a charcoal cover. Holding the 
metal at the melting temperature under oxidizing con- 
ditions for as long as 15 min has no harmful effect on 
either the mechanical properties or the density. A 
slight improvement in elongation is found with in- 
crease of holding time at 1300 C (2375 F). 

A consistent decrease in density and mechanical 
properties with melting under reducing conditions is 
evident. The properties obtained under wet charcoal 
are poorer than under dry charcoal except for elonga- 
tion and tensile strengths at the longest holding period. 
The results for the longest holding time were con- 
firmed by additional tests. Since drying of wet charcoal 





Fig. 7A—Chiil cast cylinder of valve bronze melted 
under wet charcoal. 
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is to be expected with longer holding time, mechanica! 
properties eventually might become similar to thos 
obtained with melting under dry charcoal. The los: 
of zinc resulting from holding as long as 15 min ai 
1300 C (2375 F) is very small when the melt is cov 
ered with either wet charcoal (Table 1) or dry char 
coal (Table 2), in comparison to that obtained when 
melting in open air (Table 3). 

Figures 4, 5, and 6 show the data for the series made 
with the dry nitrogen gas treatment. The results are 
generally similar to those found without the nitrogen 
treatment. One exception is the decline in elongation 
with longer holding time of gas treated melts; this 
might be related to the greater losses of zinc (Table 3). 

The mechanical properties of the melts prepared 
under wet charcoal were improved by treatment with 
dry nitrogen and fall in the range of properties of 
valve bronze melted under dry charcoal. Bronze melted 
under dry charcoal is not significantly affected by the 
nitrogen treatment. Presumably, the improvement in 
the bronze melted under wet charcoal is caused by re- 
moval of hydrogen gas dissolved in the molten metal. 

Additional evidence that the nitrogen treatment 
does improve soundness is given in Fig. 7. The riser of 
the casting melted under wet charcoal is puffed as a 
result of gases evolved upon solidification. Gas bubbles 
are entrapped in the metal. The same metal after 
degasification with dried nitrogen is shown in Fig. 7B. 


Conclusions 


1. Melting valve bronze directly exposed to the air 
in an induction furnace was found to give normal 
density and tensile properties. 

2. Melting this alloy under a dry charcoal cover 
lowered density and tensile properties. Melting under 
wet charcoal produced still greater unsoundness and 
reduction in properties. 

3. Treatment of the melt with dry nitrogen signi- 
ficantly improved the density and tensile properties of 
metal that had been melted under wet charcoal. 

4. Valve bronze melted with no cover and held as 





Fig. 7B—Same as 7A except degassed with dry nitrogen 
for 15 min. 
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iong as 15 min at a high temperature shows no appre- 
ciable effect on the mechanical properties. 
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DISCUSSION 


Chairman: E. W. Hortesein, Gibson & Kirk Co., Baltimore. 

D. W. Gropecker:* Your experiments indicate that further 
improved properties might be obtained by melting under more 
highly oxidizing conditions. Have you done any work utilizing 
ceramic crucibles instead of clay-graphite and eliminating the 
use of carbon on the melt surface to obtain truly oxidizing condi- 
tions? It would be of considerable value to have data on melts 
made under oxidizing conditions, which give loss compensated 
in the original charge or after melt down, comparable with 
what you have reported. 

Mr. Baer: If I gave the wrong impression at first about the 
free lumps of charcoal floating on the surface, I should have said 
essentially oxidizing. The lumps of charcoal on the surface were 
there mainly to reduce zinc loss. There was no additional zinc 
added to compensate for losses, either in that particular heat 
or in any of these later heats where there was no loss in the 
zinc under the charcoal cover. 

Dr. Loring might make a statement concerning the use of 
various crucibles under different melting atmospheres. 

Dr. Lorinc: Perhaps we should make it clear that in the 
master heat of 1000 Ib there were a few lumps of charcoal on 
the surface of the melt merely to insure better recovery of zinc. 
We desired to obtain a uniform composition to work with 
throughout the balance of the work. When the later work was 
done we then had oxidizing conditions over the surface of those 
heats made without any charcoal cover. 

In reference to crucibles other than clay-graphite, if you will 
refer to the Transactions, AIME, vol. 166, pp. 157-170 (1946) 
you will find a paper by Colton and Loring in which a different 
kind of crucible was used in the study of the effects of phos- 
phorus additions to gun metal. At that time, we covered heats 
with charcoal to keep the phosphorus in the metal. I believe 
we also made a few heats which were not reported, without char- 
coal, and with these heats there was excessive loss of phospharus. 
But we have never extended our investigation far in this respect, 
melting in other than with clay-graphite crucibles, because a 
number of foundrymen like to use clay-graphite. It appears ad- 
visable to adapt our practice as closely as possible to that which 
the majority seem to follow, so that our results can be inter- 
preted on a wider scale. 

C. Upruecrove:? Mr. Baer pointed out he was placing the 
emphasis on the change in the composition of the zinc. I would 
like to ask the authors why they ignored the change in the lead 
content? In Table 1, in Heat 1 melted with a wet charcoal 
cover, the lead content was 0.57. In Heats 8 and 15, Tables 2 


1 Metallurgical Engineer, Los Alamos Scientific Laboratory, Los Alamos, 
N. M. 
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and 3, with dry charcoal cover and no cover, the lead content 
was 1.28 and 1.39, respectively. 

Would we not expect in a reducing atmosphere, zinc, being a 
very volatile material, would suffer greater losses than in an 
oxidizing atmosphere if the crust was not disturbed? 

Mr. BAER: We were interested only in the losses of the zinc. 
We thought we had completed the experimental work and then 
decided we wanted to know something about the zinc loss. Un- 
known to me, the scrap from the previous heats was mixed with 
some other scrap, resulting in low lead content. The lead starts 
at 0.57 (Heat 1, Table 1), and as soon as I saw that, I added a 
little more lead to it and brought it up. In Table 2, Heat 8 the 
lead content is 1.28 per cent, which is within specifications for a 
1.5 per cent lead alloy. But in Table 3, Heat 15, it again comes 
up to 1.39 per cent. That is the reason for the change in the 
lead content. } 

Mr. UptHecrove: I notice the lead content remains constant. 
Now, if the object that you report for Heat 1 was true, would 
you not expect that holding under those conditions, there would 
be a change in the composition or else the effect of your water 
vapor had disappeared at the time you reached the top tem- 
perature? 

Mr. Lorine: I think there are two different mechanisms oper- 
ating in the oxidation, let us say, of a very high-zinc brass and 
the oxidation of a very low zinc, such as a low zinc-tin bronze. 
I think there is justification in the statement that in melting a 
high-zinc brass, oxidizing conditions are desired with the inten- 
tion, especially with manganese bronze, that the aluminum oxide 
film will tend to prevent the excessive oxidation of zinc. On the 
other hand, in melting a low-zinc alloy, such as a tin bronze, 
there is no aluminum present to give a resistant film and it is 
my belief that there would be more loss of zinc with oxidizing 
conditions. It would appear to me that zinc being the most 
oxidizable of the elements present would far outweigh the 
tendencies of the lead to oxidize. Of the three metals, the zinc 
is the one that boils at a very low temperature compared to 
the other two that we have present, and so we still might expect 
that the zinc would tend to lose itself by volatilization rather 
than by oxidation. 

P. G. Macanus:* We concur with Mr. Baer and Dr. Loring 
on this gas substitution. For 3 or 4 years during the war while 
investigating and producing steel-backed copper-lead bearings, 
we experimented with dry charcoal covers. We preferred the 
dry charcoal to no cover at all, for the reason that we were not 
getting porosity. We were interested in alloys and bonds that 
had no microporosity. We did not want microporosity between 
the steel and the copper-lead. We found out from our experi- 
ence that it was certain clay-graphite crucibles that were really 
giving us the trouble. We found out there were different types 
of clay graphite crucibles with varying moisture contents, lead, 
etc. Crucible manufacturers told us there was little we could do 
about it at the time. There were elements in those crucibles 
that were giving us a lot of trouble as far as porosity was con- 
cerned. It actually became imperative that the first heat from 
every induction furnace crucible be scrapped for remelt for less 
critical type bearings. Incidentally, was that your first heat out 
of that particular graphite crucible, or was it the second or third 
heat? 

Mr. Baer: We paid no attention to whether it was the first, 
second, third, or what heat it was. We have a number of clay- 
graphite crucibles in the foundry. Some we use for valve bronze, 
others we use for gun metal, etc., and we just pick one up and 
use it. We pay no attention at all to whether it was the first or 
the fifth heat from that crucible. 

Mr. Macanus: For 3 or 4 years during the war we experi- 
mented with all types of crucibles and all types of covers. I 
was in charge of that particular program relating to induction 
type furnaces and we definitely would rather use a dry charcoal 
cover rather than no cover at all, as long as we knew the cru- 
cibles were dried out, prior to the first heat and, they were made 
of a composition that we found out was satisfactory as far as 
having no microporosity in the casting when we got through 
with it. 

Mr. BAER: What do you class as charcoal? 

Mr. MacaAnus: We had what we termed an activated charcoal, 
treated with hydrochloric acid. It had been passed through an 


2 Prof. of Metallurgical Engr., University of Michigan, Ann Arbor, Mich. 
% Manager, Warren Alloy & Machine Co., Div. of Progressive Welder Co., 
Warren, Mich. 
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oven and actually was preheated before it was inserted or was 
put on top of the crucible. 

Mr. BAER: We did not predry our charcoal or do anything 
with it at all. We just used it as it came from the container. 

B. N. Ames:* It has been our experience, particularly in 
melting with a wet charcoal cover, that frequently you will get 
severe segregation and sweat. That may not be too apparent 
on your specific gravity determinations if you take a cross- 
section. However, depending upon how you sampled your 
specimens for chemical analysis, that might make quite a dif- 
ference. 

Mr. Barr: That is quite right. 

E. M. Smiru:> The values quoted by the authors in the paper 
were averages of six bars. What spread of values was obtained 
from the six bars of the specimens treated similarly? 

Mr. Barr: There was a plus or minus deviation of 10 per 
cent. It was very seldom over that. 

G. K. Eccieston:* Some of us may not realize that this paper 
is written entirely on induction furnace melting. Many of us 
are melting these same alloys in oil- or gas-fired crucible fur- 
naces. Some foundrymen may start holding the metal 10, 15 or 
20 min and come back with the argument that it says in this 
paper that it does not hurt anything. 

* Foundry Metallurgist, New York Naval Shipyard, Brooklyn, N. Y. 

5 Research Engineer, Battelle Memorial Institute, Columbus, Ohio 

® Vice President, Barnes Mfg. Co., Mansfield, Ohio 
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TABLE 4—MECHANICAL PROPERTIES OF MANGANESE BRONZE CAST 1 
STANDARD KEEL BLOCK* AND IN EXPERIMENTAL TEsT Coupons* * 





Chemical Composition: Copper 58.07%, Tin 0.50%, Aluminu 
0.85%, Iron 1.04%, Manganese 0.50%, balance zinc 
Yield 
Pouring Tensile Strength 
Temp., Strength 0.1% Offset, Elong. 
Type of Coupon °F Psi Psi % 
Standard Keel Block ~- 1950 77,100 28,900 33.5 
“ - g 1850 77,300 27,000 33.0 
Experimental Test Coupon 1950 77,100 28,400 34.0 
. - 1850 78,700 28,100 31.5 
Experimental Test 
Coupon 1950 79,600 28,200 $2.0 
(One test bar) 


Experimental Test 
Coupon— 1850 79,400 28,900 35.0 


* Weight approximately 35 lb, two bars per coupon. 
** Weight approximately 14 lb, three bars per coupon, one of 
which is reserved for metallography. 





Mr. Baer: That is correct. All of this metal was melted in 
induction furnaces. Do not get the impression that you can do 
the same thing with a gas-fired or an oil-fired furnace, because 
it cannot be done. 

Mr. Lorinc: This is partially in answer to Mr. Ames. I admit 
that it is poor practice to take the chemical composition on 
different specimens from those that you take for mechanical 
properties. It is also poor practice to study microstructure on 
metai that is cast in a different way or from a different part of 
the casting. 

Customarily, we now make tensile test coupons using part of 
the riser for the chemical analysis, or as close as we can to the 
tensile coupons. This experimental coupon is shown in Fig. 8. 
It is one devised with the intention of using material cast under 
identical conditions, under identical type of solidification, for 
the chemical analysis and for the metallography. The mold is 
filled to within | in. of the top of the riser and insulating 
material is placed in the riser. 

There are three parallel keels at the bottom of this particular 
casting, tapered (and this is very important) from 1 in. thick 
at the riser to 74-in. thick at the far end. The two on the cut- 
side are used for mechanical properties; the one in the center is 
used for grain size or microstructure or the chemical compositicn. 
This coupon, incidentally, when cast in manganese bronze, 
weighs about 14 lb, so it would give just about the same me- 
chanical properties, tensile strength, elongation, yield point, as 
when manganese bronze is cast in 35-lb keel block. See Table 4. 
But with gun metal, it does not afford quite so favorable me- 
chanical properties as the 10A or Crown-type. The main thing 
is to get identical metal, cast under identical conditions, both 
for the chemical composition and the mechanical properties. It 
should be emphasized that this new coupon is still in the ex- 
perimental stage of development and the present beliefs of its 
merits are based on limited experimental data. 














MECHANIZED FOUNDRY MAINTENANCE 


By 





Charles T. Luther * 


IT Is THE PURPOSE OF THIS PAPER to describe and 
outline a maintenance program as set up in a mechan- 
ized foundry. The program is-designed to service and 
keep in repair the equipment, starting with that in the 
melting department, through the foundry, coreroom, 
hard iron, annealing, cleaning, processing and ship- 
ping departments. 

Figure 1 shows the general outline and relationship 
of the various departments. The equipment used in 
these departments is characteristic of the modern 
foundry, and includes overhead charging cranes, pos- 
itive displacement cupola blowers, with hot blast and 
cupola humidity control. In the foundry are several 
sand preparation units to serve the molding machines, 
molding conveyors, pouring escalators and shakeout 
screens. Cores are baked in continuous horizontal and 
vertical ovens, and a large number of blowing ma- 
chines are employed in the core department. 

All castings are annealed in tunnel and atmosphere 


controlled furnaces, and are sorted after annealing on 
an extensive belt conveyor system. Shot blast clean- 
ing equipment is employed, and hydraulic straighten- 
ing presses are used to bring castings to actual specified 
shapes. Many types of conveyors, trucks and other 
devices are also utilized in an effort to reduce han- 
dling and lighten the work. Every possible effort is 
made to standardize on all equipment in order that 
repair parts carried in stock may be kept at a minimum. 

Only a few years ago most foundries were operated 
with but little mechanical equipment. Floor molding 
was almost universal. Adequate ventilation and dust 
supression equipment were unheard of—long hours 
and hard manual labor were necessary in order to 
operate. Production in this type of foundry was nec- 
essarily limited and unit costs were high. The limited 


* Maintenance Engineer, Central Foundry Div., G.M.C., Sagi- 
naw Malleable Iron Plant, Saginaw, Mich. 
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Fig. 1—General plant layout of a mechanized foundry. 




















264 





MECHANIZED FOUNDRY MAINTENANCI 





CAST, (RON PLATE 





Fig. 2—Section view of the sliding plate mold 
conveyor. Plates and rails are of cast iron. 





WHITE (RON WEARING PLATES 





7 {of TS T 


ba 








| 


ta : - 


STEEL PCLATE 











Fa 
ea 

















| 
” = = 


Fig. 3—Views of new design mold conveyor plate 
made of mild steel with wearing shoes of white 
cast iron. 








amount of equipment available was generally allowed 
to operate until it failed completely. This would re- 
sult in extended and costly shutdowns. 

Installation of conveyors, continuous sand systems, 
and other modern machinery has greatly increased 
production, and has also made the foundry a better 
place in which to work. This change has, however, 
presented among other problems the necessity of main- 
taining the equipment in order to provide continuous 
operation. Expensive installations which are con- 
tinually down for repairs result in loss of production 
and high over-all cost. 


Maintenance Section Organized 


In order to properly carry out an effective mainte- 
nance program it is necessary to have an organization, 
the personnel of which will vary with the size of the 
plant, and the extent to which it is mechanized. In 
most cases such an organization should be set up on 
a three-shift basis in order that repairs may be made 
on the off shifts, when the equipment is idle. 

In the writer’s foundry, this organization consists of 
a maintenance superintendent and assistant, and a 
chief electrician. On each shift (first, second, and 
third) there is a general foreman who has one or more 
foremen under him, who are responsible for the work- 
men in the crafts and the care of equipment in definite 
areas. They are charged with the responsibility of 
assigning jobs to their employees, and seeing that this 
work is properly carried out. 

The superintendent holds meetings with this organ- 
ization to discuss various problems pertaining to re- 
pairs and improvements, and also to discuss company 
policies, so that all supervision may air their troubles 
and be informed as to top management’s thinking. 
The value of these meetings cannot be overemphasized, 
particularly in a large organization. Problems of all 
sorts come up for discussion and decision, and the inter- 
change of ideas is good whether in large or small groups. 

Foundry maintenance involves two types of work— 
scheduled and unscheduled. The first consists of reg- 


ular scheduled inspection and replacement of worn 
parts. The second type involves the work required in 
repairing breakdowns and answering service calls. The 
amount of unscheduled work depends to a large ex- 
tent upon how well the first type of work has been 
performed. The cost of preventing all breakdowns 
undoubtedly would be prohibitive, but they can be 
kept at a minimum if the scheduled work is properly 
performed and a thorough analysis made of all troubles 
that have occurred and the steps taken to correct them. 

Preventive maintenance should be stressed. This 
can be accomplished with scheduled inspections and 
corrective measures taken when the equipment is idle. 
A continuous effort must be made to improve existing 
equipment, which can best be accomplished by re- 
questing and receiving suggestions from workmen as 
well as supervision. 

In the writer’s organization a detailed lubricating 
and oiling program is set up and a comprehensive 
record kept so that there will be no guesswork as to 
when each item requires service. Each week a card 
showing items which are to be lubricated, and whether 
daily, weekly or monthly, is provided each oiler. The 
individual performs the work as outlined, signs the 
card and returns it to the maintenance clerk. It is 
then posted to a master sheet and becomes a part of 
the plant maintenance record. 


Lubricating Equipment Standardized 


All equipment in the plant has the same type of 
lubrication fitting in order to avoid the use of different 
types of guns. Standardization on a few types of good 
oils and greases also is of prime importance in saving 
time and eliminating the possibility of using the wrong 
lubricant. The need of training people for the proper 
application of these lubricants is emphasized. Care is 
exercised in obtaining the proper lubricant by follow- 
ing the equipment manufacturers’ recommendations 
and consulting with the various oil company represen- 
tatives. Actual on-the-job experience and tests in a 
great many instances will determine which oil or grease 
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should be used and how often it should be applied. 

A record is also kept of all major repairs on each 
item of equipment. This shows at a glance the ma- 
chinery continually requiring attention, the nature of 
the trouble, and enables the personnel of the depart- 
ment to concentrate on the improvement of these 
items. Actual costs (labor and material) of these re- 
pairs also are compiled. When new equipment is to 
be purchased, the maintenance people are contacted 
and their ideas, wherever possible, are incorporated 
into the design. The engineering and maintenance de- 
partments work together on all projects, and the co- 
operation of these two organizations is absolutely nec- 
essary in order to keep all facilities in proper repair. 

It is part of the foreman’s responsibility to make 
periodic checks with the stockroom regarding the avail- 
ability of repair parts for anticipated work. Long de- 
liveries and the scarcity of some materials occasionally 
make temporary or patchwork repairs necessary; how- 
ever, this type of work should be avoided as break- 
downs may result and much of the work duplicated. 

In any maintenance program the question of the 
work to be performed by the plant maintenance or- 
ganization and that which should be contracted for on 
the outside continually arises. The writer has found 
that, in general, better results are obtained by having 
trained people in the organization to make all repairs 
and adjustments, as well as to take care of all new 
work. In practice this is not always possible, and it be- 
comes necessary to obtain service engineers from the 
equipment builders and also to have certain work 
performed by outside contractors. 


Maintenance Shop Setup 

A constant effort is made, however, to acquaint our 
people with all the details of these repairs. This is ac- 
complished by the use of instruction manuals, blue 
prints and verbal instructions and advice. It has been 
observed in many instances that instructions from 
books and directions do not give the desired informa- 
tion. They are generally hard to read and contain a 
great deal of information which is not related to the 
subject. Firsthand knowledge must be obtained by 
dismantling the equipment and actually seeing how it 
is constructed. 

For this reason it is planned to have our plant main- 
tenance people build and install as much equipment as 
possible. They will thus understand it better and take 
a far greater interest in keeping it in good repair. 

A maintenance department, fairly centrally located 
with respect to the production departments, houses the 
general repair shops, electric shop, welding booth, 
pipe and carpenter shops and maintenance office. Ad- 
jacent to this setup are the stockroom and tool cribs. 

These shops are equipped to make all repairs, as 
well as to do a considerable amount of new work. In 
the general maintenance setup, for instance, are lathes, 
milling machines, drill presses, blacksmith forge, sheet 
metal working machines, welding and burning equip- 
ment, and an electric truck which is used for transport- 
ing whatever is needed for making repairs on equip- 
ment throughout the plant. A repair box is stocked 
with tools and parts which experience has shown 
might be needed on repair jobs. This can be hauled 
wherever needed at a moment’s notice. Trouble calls 
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are received in the maintenance office and the foreman 
is informed of the nature of the service required. 

The electric shop is equipped with the necessary 
tools and testers to make all electrical repairs (with the 
exception of rewinding motors), and also to do a great 
deal of new work. On new installations, motors, 
starters, and other electrical equipment are installed 
and connected as far as possible by our plant electri- 
cians. They are thus familiar with the installation and 
can quickly locate trouble. The electric shop houses 
motor generator sets, with the necessary distribution 
panels for charging batteries for electric trucks. 

Facilities are also provided for the complete repair 
of electric hoists, a great many of which are used 
throughout the plant. All motor rewinding is per- 
formed outside the plant. Each returned motor, how- 
ever, is run and tested in the shop before being in- 





Fig. 4—Section of flame-hardened overhead conveyor 
trolley wheel which replaced chilled cast iron wheel. 


stalled, in order to be sure it is in proper condition. 
A large motor storage area is provided in order that 
a spare may be available for each size of motor. 

The carpenter, pipe and sheet metal shops, as well as 
the welding booth, are equipped with all necessary 
tools to perform the work required in their line. A 
truck garage is also maintained to make necessary re- 
pairs and adjustments on a fleet of trucks and tractors. 

As previously mentioned, all calls requesting service 
are received in the maintenance office. However, be- 
cause of the size of the plant, and in an effort to ob- 
tain continuous operations, each production depart- 
ment is assigned one or more millwrights and elec- 
tricians. Their duties are to make minor repairs, in- 
spect and lubricate equipment and answer service calls 
in their areas. They are charged with the responsibility 
of keeping the equipment in their particular zones in 
operation and to report to the foreman any conditions 
which cannot be corrected while the equipment is in 
operation. 

The writer has found that properly designed found- 
ry equipment generally fails because of the conditions 
under which it operates. Normal life cannot be ex 
pected if moving parts are operating in a pile of sand 
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Fig. 5—Pan conveyor section showing wheels ex- 

tending beyond pan edges. This type of construc- 

tion exposed wheel bearings to dust and dirt 
from the conveyor pan. 
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Fig. 6—Redesigned pan conveyor section with 


wheels underneath the pans, thus protecting the 
wheel bearings. 





























or under dusty conditions. These adverse conditions 
should be studied and eliminated with necessary 
guards and for adequate ventilation. 

Most equipment breakdowns are due primarily to 
bearing failure. Bearings wear out in most cases not 
because of overloads or lack of lubrication, but be- 
cause of dirt. Generally too little care is given to keep- 
ing oil and grease clean. The importance of proper 
covers on containers should be stressed, and the prac- 
tice of filling guns with paddles discontinued because 
of the partial filling ‘usually received’ and the con- 
tamination encountered. The use of suitable transfer 
and grease gun loader pumps should be encouraged. 
The writer believes that more use should be made of 
sealed bearings, which are packed with grease at the 
factory for lifetime lubrication. These bearings have 
a wide application for head shafts, idlers, wheels, etc. 


Considerable use can also be made of stainless steels 
for suction piping, fan housings, hoods, guards and 
other sheet metal parts which, because of condensa- 
tion and other adverse conditions, are subject to ex- 
cessive corrosion. Black and galvanized iron, in a 
great many instances, are found to be completely oxi- 
dized in a comparatively short time. Nickel-chrome 
alloys, while considerably more expensive, easily pay 
for themselves in a relatively short period. 

The use of heat treated and hardened gearing, 
sprockets, trunnions, and other parts subject to exces- 
sive wear has proved advantageous over the customary 
gray cast iron or mild steels. The small increase in 
original cost is more than offset by the greater life 
obtained. 

Installation of totally enclosed ball-bearing motors 
has proved good economy and is undoubtedly more or 
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Fig. 7—Sorting conveyor belt 
used to carry various annealed 
castings. This belt was frequently 
damaged due to castings being 
caught along the belt skirting. 
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Fig. 8—Section of sorting conveyor showing the 
redesigned belt skirting which greatly reduced 
belt damage. 
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iess standard throughout the foundry industry. Spe- 
cial motors should be avoided wherever possible, and 
all motors of the same size should be purchased in the 
same frame number so that they will be interchange- 
able, thus reducing the number of spares needed. 

As mentioned in a previous paragraph, efforts are 
continually being made to improve existing equip- 
ment. A few of the changes which have been adopted 
from suggestions received are of interest. 

Figure 2 shows a section of a sliding plate mold 
conveyor, consisting of a standard keystone chain to 
which are fastened a series of plates which slide on two 
parallel rails. Both plates and rail§ are subject to con- 
siderable wear and require frequent replacements. 
The original plates were of cast iron, but mild steel 
with white cast iron wearing shoes was substituted 
(Fig. 3). This change has resulted in longer rail life 
and the plates last indefinitely, it being necessary to 
replace the wearing shoes about once a year. 

Considerable trouble had been experienced with 
flat spots developing on trolley wheels on overhead 
conveyors. Figure 4 illustrates in section a flame- 
hardened wheel which was cast, machined and hard- 
ened in our plant, and has proved to outlast several 
times the original chilled cast iron wheels. It has also 
materially increased the life of the double-angle track 
on which it runs, and has reduced the horsepower re- 
quired to operate the conveyor. 

Pan conveyors, with bearing equipped wheels, are 
used for breaking gates and sorting castings as they 
come from the shakeouts. Figure 5 shows such a con- 
veyor, with the wheels outside the pan edges, resulting 
in dust and dirt getting into the bearings. Attempts 
to guard the wheels proved unsatisfactory. Figure 6 
illustrates the same type conveyor so constructed that 
the wheels are under the pans, which form a perfect 
guard and increase bearing life. 

Sorting belt conveyors, which carry miscellaneous 
annealed castings, are subject to ripping and tearing 
of the belt due to castings being caught along the 
skirting. Figure 7 shows a cross section of such a belt 
with the conventional type of skirting. By substituting 
skirting, as shown in Fig. 8, this belt damage can be 
greatly reduced. The metal pan as shown actually 
forms a trough for the belt to operate in, and has 
proved very successful, in spite of a slight increase in 
horsepower required to operate the conveyor. 


Conclusion 


Many more phases of maintenance procedure could 
be discussed. It should be realized that the mainte- 
nance program in different foundries will vary, de- 
pending upon their size and the amount of equipment 
being used. 

However, summarizing the foregoing observations, 
it would appear that a well-organized maintenance 
program should include the following: 


(1) Regular scheduled inspection and repair 
(2) A definite lubricating procedure 
(3) Detailed records of performance and costs 


(4) Encouragement of suggestions for improvement 
of existing equipment. 
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DISCUSSION 


Chairman: Mitton Tittey, National Malleable & Steel Cast- 
ings Co., Cleveland. 

Co-Chairman: Eric WELANDER, Union Malleable Iron Works, 
Deere & Co., East Moline, Ill. 

T. W. Curry:* I would like to ask Mr. Luther if he stated, 
in connection with his organization chart, that the men were re- 
sponsible for particular areas. Do I understand that the shop is 
mapped out in areas and you have a complete crew for a particu- 
lar area? 

Mr. Lutuer: No, I did not intend to say that. We have 
definite people in the foundry who are responsible for the opera- 
tion of certain lines or certain sand systems. We have the same 
set-up in the shipping room, but we do not have the entire plant 
divided off into areas with definite people responsible for those 
areas. Of course, in the foundry, the people who are assigned 
to that area are merely assigned more or less for service. In 
other words, if the production people need some particular thing 
done which can be handled by one or two men, those men are 
available to do it. They also have definite duties; they oil and 
grease and have certain equipment which they are to inspect at 
regular intervals. In case of a major repair job, of course, other 
people are assigned to help them. 

CHAIRMAN TILLEY: I was interested in that rate of wear of 
the hard iron shoe and the steel on the mold conveyor. Does the 
hard iron wear out first, before the steel rails do, under those 
conditions? 

Mr. Lutuer: The hard iron in the shoe wears out before 
the rail does. 

James THOMSON:* I want to compliment Mr. Luther on an 
exceptionally good paper. I want to ask him how he gets the 
operating department to cooperate with him? 

Mr. LutHer: I do not have the answer to that question. 
However, I think one of the things that makes a foundry or any 
organization successful is cooperation between the various de- 
partments. I cannot give you the formula for getting coopera- 
tion. We do not have perfect cooperation, but we get along 
fairly well. 

Mr. THoMson: You are fortunate indeed. I do not want to 
criticize any equipment manufacturers, but what Mr. Luther 
said about getting better materials in some of the equipment is 
very important. You take the matter of cranes, for example. I 
suppose a crane manufacturer could not sell a crane if he built 
it to suit us foundrymen, but we have to keep on fixing them 
after we get the cranes. The way to keep maintenance costs of 
these cranes down is to put better materials into them. We use 
a certain manufacturer’s truck wheels, pinions and shafts in our 
plant. They are costly initially but they last four, five or six 
times as long as the ordinary materials you buy in a crane. It 
is important in a foundry to get the best materials that you 
can in the equipment to keep your maintenance costs down, 

It is difficult to get the operating department to have the 
right attitude toward the maintenance department. The main- 
tenance department is a necessary evil but the operating depart- 
ment could not function if we did not have the maintenance 
department; and the better it functions, the better your operat- 
ing department is going to function. 

CHAIRMAN TILLEY: Do you have a program of preventive 
maintenance or some method of inspecting motors and fast- 
turning equipment to determine if it is going bad so that you 
might repair it before it is completely inoperative? 

Mr. LutHer: We have a regular program wherein we attempt 
to take motors out of service and inspect the bearings and the 
windings about every 9 to 12 months. Of course, this does not 
necessarily insure us against motor failure but it does at least 
give us a chance to look them over and inspect the bearings and 
clean the windings. 

S. G. ArtincsTaALL:* What are the centers, speed, and what 
are the sizes and weights of molds that the mold conveyor car- 
ries? 

Mr. LutHer: The centers of that conveyor are 125 ft and 
it operates between 18 and 20 fpm. The weight of the mold 
varies between 200 and 450 Ib. 


1 Metallurgist, Industrial Engineering Dept., Lynchburg Foundry Co., 


Lynchburg, Va. 
2 Chief Works Engineer, Continental Foundry & Machine Co., East Chi- 
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C. W. Voxac:* Is there any particular advantage in having 
the oilers and greasers, since they act as inspectors of equip- 
ment and maintenance work, separated from the maintenance 
crews? Could there be any advantage in separating these two 
groups to improve control of the type of maintenance work done 
and the period at which it should be done? 

Mr. LutHer: Perhaps I did not make myself quite clear. Our 
oilers do not do millwright work. However, we have mill- 
wrights, part of whose duties, in certain areas, is to do some of 
the oiling. We have several oilers whose duties are entirely 
oiling and greasing; they do none of the millwright work. 

MemBerR: What are the author’s views in regard to use of 
geared motors on equipment in comparison with motors and 
reducers, from the standpoint of maintenance? 

Mr. Lutnuer: We have a few gear-head motors. I favor 
standard motors with the reducer unit rather than the two 
combined in one unit. I think it enables one to standardize on 
motors. We attempt to have one motor as a spare for a lot of 
different installations. I think one is able to do that better 
with the motor and the reducer set-up than with the one unit. 

Memper: It is cheaper but from the standpoint of main- 
tenance since it is easier to replace a motor. There is little 
chance for a reducer going bad. We are in favor of motors and 
reducers rather than the combination of the gear-head motor. 

M. J. Hentey:* I would like to ask Mr. Luther what the 
ratio is of his maintenance employees to his production em- 
ployees. 

Mr. LutHer: There are approximately 2500 employees in the 
plant of which 128 are maintenance department employees. 

J. A. Durr:* Can you interpret that figure in terms of man- 
hours? 

Mr. Lutuer: Do you refer to man-hours per ton of produc- 
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tion? 

Mr. Durr: Yes, something of that nature that could be bett: , 
aligned for some of the smaller foundries. 

Mr. LutHEer: We have these 128 maintenance employees on 
a 3-shift basis. They are divided approximately evenly, abou: 
40 people on each shift. Just hvuw many man-hours per ton c! 
production I do not know. We are operating the foundry 5 da 
a week, melting 1300 or 1400 tons a day. The maintenance cre\ 
is actually working on a 6-day basis. In other words, 128 peop! 
actually work 6 days a week. The maintenance department gen 
erally operates on a 1-day more per week basis than the produc 
tion department. 

C. A. Barnett:* Apparently you have gone into preventiv: 
maintenance to a great extent. Do you have a breakdown of 
your 128 men, either man-hours or percentagewise, between the 
amount of maintenanée that is preventive maintenance as com 
pared to your actual breakdown maintenance? In other words, 
the more attention you pay to preventive maintenance, the less 
down time you experience. 

Mr. Lurner: That is true. In other words, the ultimate 
would be no breakdowns at all, everything would be preventive 
maintenance. I feel that the amount of money put into that 
sort of program would be prohibitive. The total breakdowns 
in our foundry proper last year amounted to less than 1 per 
cent of the total operating time. 

Mr. Barnett: As you increased the percentage of preventive 
maintenance you reduced your downtime materially. 

Mr. Hentey: How do you arrive at the number of main 
tenance employees necessary per given number of production 
employees? From your statements, you have about 5 per cent 
in maintenance. Do you have a formula whereby you arrive at 
that figure? 

Mr. LutHer: No, we do not have a formula whereby we 
arrive at that figure. That figure was arrived at by experience. 


7 The Foundry Equipment Co., Cleveland 
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EFFECT OF ALUMINUM AND VANADIUM ON 


TOUGHNESS OF HIGH HARDENABILITY CAST STEELS 


J. F. Wallace * 


ABSTRACT 


The object of this investigation was to compare the effect of 
aluminum and vanadium, when used as grain refiners, on the 
toughness of fully quenched and drawn samples from three cast 
steels of high hardenability. 

Induction furnace heats of three high hardenability steels were 
melted from high quality materials. Each heat was divided into 
two parts and cast into two separate chill molds; one ingot from 
each heat employed aluminum and the other vanadium as a 
grain refiner. Small size pieces for V-notch Charpy impact and 
tensile tests were cut from the six ingots, water quenched, and 
tempered over a hardness range of 28-38 Rockwell C. A ll impact 
tests were processed in duplicate: one half the bars were quenched 
from each tempering temperature (to avoid temper embrittle- 
ment) and the other half furnace cooled from the temper (em- 
brittled). The impact bars were fractured at a sufficient range of 
temperatures from +150 --195 C to produce a complete transi- 
tion of fracture appearance from ductile to brittle at each hard- 
ness level. 


The chemical compositions were all low in carbon and in- 
cluded low, medium, and high manganese steels alloyed with 
varying amounts of nickel, chromium, and molybdenum to im- 
part sufficient hardenability for fully hardening heavy sections. 


The relative effect of aluminum and vanadium on toughness 
was obtained by comparing the impact test data of the aluminum 


refined ingot of a heat with the vanadium refined ingot from the 
same heat at equivalent strength levels. The ductility, appearance 
of impact fracture, and microscopic examination indicated that 
the steels were of excellent quality, fully-hardened, and generally 
fine grained. 

Curves plotted from resistance to impact fracture vs testing 
temperature data for the three heats at equivalent hardness levels 
indicate: first, that aluminum imparts superior toughness to the 
low and medium manganese steels; and second, that the vanadium 
gives better impact resistance to the high manganese heat. This 
latter result may have been effected by the lower manganese con- 
tent of the vanadium ingot. The difference in toughness pro- 
duced by using either aluminum or vanadium as grain refiners 
decreases as the hardness increases for all three steels. 

Comparison of the aluminum ingots from the three composi- 
tions shows that the medium manganese heat has a low transition 
temperature, followed closely by the low manganese heat, with the 
high manganese heat exhibiting brittle fractures at much higher 
temperatures. Slow cooling from the temper does not greatly af- 
fect the first two steels but causes considerable embrittlement of 
the high manganese heat. The slightly lower toughness of the 
aluminum killed, low manganese steel may be the result of its 
lower residual aluminum content, and the inferior toughness of 
the higher manganese heat could have been produced by the 
higher manganese and chromium contents. 





CAST STEELS ARE FINDING WIDE USE as components 
of industrial and military units that are subjected to 
rapid rates of strain (high stress concentrations) and 
low operating temperatures. Good toughness at low 
temperatures, as measured by the V-notch Charpy im- 
pact test, is required if brittle failures occurring at low 
applied stress are to be avoided under these conditions. 
Rapidly applied loads and severe stress concentrations 
caused by sharp notches can and frequently do cause 
brittle failure at normal atmospheric temperatures. 
When the operating temperature is lowered, however, 
the tendency for brittle failure under nominal loading 
is further increased for parts of low toughness sub- 
jected to these conditions. 


* Metallurgist, Watertown Arsenal Laboratory, Watertown, 
Mass. Permission has been granted by the Ordnance Department 
to publish this paper but the opinions contained therein are 
those of the author and do not necessarily represent those of 
the Ordnance Department. 
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A survey of the literature makes it evident that steels 
for applications requiring high toughness should be 
fine grained and have a tempered martensitic mi- 
crostructure. Numerous investigators'**+.5 including 
some recent work with fully-quenched steels at Water- 
town Arsenal* have indicated the necessity of employ- 
ing fine-grained steels for optimum toughness. Since it 
has been conclusively shown that superior impact resis- 
tance is obtained with a tempered martensitic micro- 
structure”*’, this structure is a requirement of any in- 
vestigation concerned with the attainment of good 
toughness in low and medium-carbon steels in a hard- 
ness range of 20 to 40 Rockwell C. The fine grains are 
obtained by the addition of a sufficient quantity of 
grain growth inhibitor or grain refiner such as alumi- 
num, titanium, vanadium, and zirconium; the desired 
tempered martensitic microstructure is generally at- 
tained by through-quenching followed by tempering 
above the “temper brittle” range. 

It has been suggested in some quarters that the 








270 


toughness properties of fine-grained, fully-quenched 
and tempered steels are essentially a function of the 
hardness level and are not determined by the alloy 
combinations employed to obtain the desired harden- 
ability providing temper embrittlement and “dirty” 
steel are avoided. The results of this investigation pre- 
sent some data on this subject and more comprehen- 
sive work is in progress at Watertuwn to test the va- 
lidity of this conclusion. 

The relative effects of aluminum, titanium, vanadi- 
um, and zirconium on grain size and toughness have 
been investigated. Since these elements are also deoxi- 
dizers of varying strength, the required additions de- 
pend to some extent upon the state of oxidation of 
the bath as well as the amount of each element re- 
quired for grain refinement’. It has been shown that 
aluminum under most conditions is a more effec- 
tive grain refiner than titanium, zirconium, or vana- 
dium®-.11,12, Several articlest511,15.16 demonstrate for 
both normalized or quenched and drawn conditions 
that steels refined with aluminum yield higher and 
more consistent low temperature toughness than steels 
refined with titanium. Zirconium appears to produce 
good low temperature impact resistance in normalized 
steels*®, although aluminum is a superior grain re- 
finer. No investigation of the influence of vanadium 
on toughness compared with other refiners under equi- 
valent conditions was found. 

The addition of aluminum to steels does have some 
disadvantages. Sulphide inclusions occur as a eutectic 
at the primary grain boundaries’ (called Type I 
sulphide inclusions) when a critical quantity of alu- 
minum (depending on oxide content of bath) is 
added, with consequent low ductility and toughness. 
When the rate of cooling of the steel during solidifica- 
tion is relatively slow and the melt contains consider- 
able dissolved nitrogen, difficulty with aluminum ni- 
tride precipitation and resulting embrittlement is ex- 
perienced’®. Aluminum has the additional disadvan- 
tage that its oxide is a hard constituent and will nick 
and wear cutting tools. Aluminum-killed steels exhibit 
greater tendencies towards spheroidization and graphi- 
tization at high temperatures than vanadium steels. 

In view of the above, an investigation of the relative 
effect of aluminum and vanadium on toughness ap- 
peared to be warranted. The steels used are designed 
to obtain optimum toughness in heavy sections and are 
of appropriately high hardenabilities. All steels were 
produced as fine grained by using either aluminum or 
vanadium and all test bars were fully quenched and 
drawn. Three different steels were employed to deter- 
mine any influence on composition. 


Procedure 


One aluminum-refined ingot and one vanadium- 
refined ingot were cast from each of three heats made 
to approximately the analyses listed below: 





Heat C Mn Si Cr Mo Ni 


A 0.25 0.20 0.25 2.00 0.55 4.00 
B 0.35 0.75 0.25 0.25 0.35 4.40 
Cc 0.25 1.50 0.25 2.80 0.70 
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The heats were melted in a high-frequency inductio:; 
furnace powered by a 330 KVA motor generator d: 
signed to operate at a frequency of 960 cycles px 
second. The furnace was lined with a well sintere: 
rammed foundry sand mix (acid lining). The norma 
capacity of the furnace is 650 lb of steel. The 600-1), 
charges consisted of excellent quality (low carbon, 
phosphorus and sulphur) melting stock, high grad 
pig iron, and ferro-alloys. No slag was added and th: 
slag that formed was removed at intervals. Composi 
tion of the ingots was controlled by the careful weigh- 
ing and analyzing of the constituents of the charge 
with allowance for normal losses of the oxidizabk 
elements. 

The same sequence of additions was followed on the 
three heats. The bar stock and nickel pig were melted 
and the molten steel temperature permitted to rise to 
approximately 3000 F (optical pyrometer measure- 
ments). A moderate carbon boil occurred during the 
last 3 min of this melting period. Then, the pig iron 
was added followed by the ferro-molybdenum, chro- 
mium, and manganese respectively. A temperature of 
about 3000 F was attained before the power was shut 
off. 

One-half of each heat was poured into a lip-pow 
ladle and deoxidized with calcium-silicon followed by 
114. lb per ton addition of commercially pure alumi- 
num wire. Both additions were introduced while the 
metal was being poured from the furnace into the 
ladle. The aluminum ingot was poured with this metal 
and the ladle returned to the furnace. Meanwhile, the 
one-half of the heat remaining in the furnace was re- 
heated to 3000 F, deoxidized with calcium-silicon and 
0.10 per cent vanadium added. When the ladle was 
returned the remaining 300 lb were poured and the 
vanadium ingot teemed. The pouring temperatures 
varied from 2800 to 2900 F for all ingots. All slag was 
held back during teeming. 

The ingots were cast in big-end-up, plug-bottom, 6 
in. x 6 in. x 30 in. cast iron chill molds. Large hot tops 
were employed to insure proper feeding. After stand- 
ing for 20 min following teeming, the ingots were 
stripped, and slow cooled in cinders until cold. 

All six ingots were normalized at 1950 F for 8 hr and 
isothermally annealed* to facilitate sectioning. The 
mid-length of each was cut into several 34-in. thick 
transverse slabs. The slabs were then cut into 34 in. x 
34 in. x 3 in. blanks for tensile and impact tests. Test 
bars were located to avoid segregated central sections 
or decarburized surfaces. 

The test blanks were heat treated in closely con- 
trolled electrically heated laboratory furnaces. The 
bars from all heats were austenitized at 1700 F for 2 
hr, water quenched until cold, and tempered by the 
various treatments shown in Table I to yield hard- 
nesses between 28 and 38 Rockwell C. 


* Treatment consisted of the following: 
Heat 


A—1330 F for 10 hr, slow cool to 1130 F for 14 hr, air cool 


B—1300F ” ” ” ad - = sr * © © © 
C—1460 F ” ” ” ” ” ” 1260 F ” ” ” ” » 
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TABLE 1—TEMPERING DATA 











Heat Grain Hardness Time at Temp. 
-umber Refiner RockwellC Temp °F (in hr) 
A Vanadium 30 1215 1 
A Aluminum 30 1145 1 
A Vanadium 35 1145 J 
A Aluminum 33 1095 1 
A Vanadium 38 1050 1 
A Aluminum 37 1030 1 
B Vanadium 31 1200 14 
B Aluminum 30 1190 1 
B Vanadium 34 1200 2 
B Aluminum 35 1100 1 
B Vanadium 36 1180 1 
B Aluminum 38 1000 1 
c Vanadium 27 1220 8 
Cc Aluminum 30 1170 1 
Cc Vanadium 34 1165 1 
Cc Aluminum 36 1075 1 





Each hardness group from the six ingots was tem- 
pered in duplicate: the first group was water quenched 
from the temper; the second group furnace cooled at 
the rate of about 100 F per hour to produce temper 
embrittlement. 

The impact test coupons were machined to standard 
0.394-in. square V-notch Charpy bars. The radius of 
the notch was slightly larger (0.013 in.) than the 
standard (.010 in.) but this difference was uniform 
throughout all tests and check results indicated that 
the values were not influenced appreciably. All 
notches were parallel to the longitudinal axes of the 
ingots. The bars were fractured at a sufficient range 
of temperatures to obtain a complete transition of the 
fracture appearance from fibrous (ductile) to crystal- 
line (brittle), in a standard impact machine of ?!7 
ft-lb capacity. A mixture of dry ice and acetone was 
used to cool the specimens down to —78 C and a con- 
tainer of pentane surrounded by liquid nitrogen was 
employed to cool the specimens from —78 C to —195 C. 
All bars were held at the testing temperature for at least 
5 min prior to fracturing. There was only a negligible 
change in the temperature of the bars in the brief 4-sec 
interval before they were broken after removal from 
the cooling medium. 

Each ingot was microscopically examined for the 
grain size, non-metallic inclusions, and tempered micro- 
structure. Representative photographs of the micro- 
structure, non-metallic inclusions, and fracture appear- 
ance of some impact bars were taken. 


Results and Discussions 


The chemical analyses of the six ingots are shown 
below: 





Type of 
Grain 
Heat Refiner C Mn Si Cr Mo Ni V_ Al P S 


A Vanadium 0.21 0.08 0.17 1.97 0.56 4.08 0.11 0.005 0.008 0.018 
A Aluminum 0.21 0.09 0.20 1.98 0.55 4.07 . 0.012 0.008 0.018 
B Vanadium 0.37 0.69 0.21 0.23 0.35 4.45 0.11 0.004 0.008 0.021 
B Aluminum 0.37 0.79 0.22 0.22 0.35 4.44 . 0.025 0.008 0.021 
C Vanadium 0.25 1.26 0.37 2.68 0.71 . 0.11 0.004 0.010 0.019 
C Aluminum 0.25 1.55 0.30 2.69 0.70 . 0.016 0.010 0.019 
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The manganese and silicon contents are lower in the 
vanadium ingots than in the aluminum ingots from 
the same heat. This effect was undoubtedly caused by 
holding the metal for the vanadium ingot at an ele- 
vated temperature (for approximately 4 min) while 
the aluminum ingot was teemed. The only large 
change in analysis occurred between the aluminum and 
vanadium ingots of the high manganese heat where a 
drop of 0.29 per cent manganese occurred. 

The residual aluminum content (acid soluble alu- 
minum or aluminum present as aluminum metal) 
varied from 0.012 per cent on the low carbon, low 
manganese heat (A) to 0.025 per cent on the higher 
carbon medium manganese heat (B). Since a uniform 
addition of 114 lb per ton of aluminum was added to 
each heat, the variation was no doubt caused by the 
different carbon contents and the resulting differences 
in the state of oxidation of the melt. Although this 
range is slightly lower than that reported as being the 
optimum for good low temperature toughness in man- 
ganese, molybdenum cast steels*, it is noted that no 
data is given in this reference between 0.010 per cent 
and 0.020 per cent residual alumirum. The aluminum 
content definitely lies in the range most effective for 
grain refinement’, and appears to be sufficient to 
avoid any “Type II’’* sulphide inclusions particu- 
larly in view of the low sulphur content. 

The austenitic grain size of the six ingots is as 
follows: 











Heat Grain Refiner ASTM Grain Size No. 
A Vanadium 4-5 
A Aluminum 5-6 
B Vanadium 6 
B Aluminum 6 
C Vanadium 6 
Cc Aluminum 6 





The grains in all ingots can be classified as fine with 
the possible exception of the few number 4 grains 
found in the vanadium-refined A ingot. This coarsen- 
ing is so slight that it was not believed that any appreci- 
able error was introduced. Since grain size has a 
marked effect on toughness, the similarity of the grain 
size is essential for comparison of the six ingots. 

The austenitizing temperature was close to the coars- 
ening temperatures according to available data5.101!2,17 
and probably caused the slight amount of growth in 
the A vanadium ingot. The high austenitizing tem- 
perature was thought desirable to insure complete car- 
bide solution in the highly alloyed steels. 

The relative effect of aluminum and vanadium on 
toughness was obtained by comparing the impact data 
from the aluminum ingot of a heat with the vanadium 
ingot of the same heat at equivalent hardness levels. 

The results of the Charpy V-notch impact tests at 
each temperature are presented graphically in Fig. | to 
10. The transition curves are solid for the unembrit- 
tled or water quenched specimens and dashed for the 
temper embrittled or furnace cooled tests. Each plot is 
separated into three areas by zig-zag lines to show the 
locations of the fibrous, mixed fibrous and granular, 
and granular fractures. The correlation of the data is 
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generally good. The furnace analysis of a sample of 
the melt taken before the heat was split is listed on 
each graph. The carbon and manganese are slightly 
higher in this analysis than in either ingot because of 
subsequent oxidation during pouring. The figures also 
include the hardness of the impact tests and approxi- 
mate tensile and yield strength level of similar speci- 
mens. 

The ductility data from the tensile tests is listed with 
the tensile test results on each figure. The reduction of 
area and elongation were generally excellent for all 
three heats at each strength level. There did not ap- 
pear to be any significant difference between the duc- 
tility of the aluminum and vanadium steels. 

Figures 1, 2, and 3 illustrate the effect of aluminum 
and vanadium on the toughness of heat A (low man- 
ganese, chromium, nickel, molybdenum steel) over the 
transition range of testing temperatures from ductile 
to brittle fractures. The plots are arranged in order of 
increasing hardness. The impact resistance of the 
vanadium and aluminum steels are the same at room 
temperature but the aluminum-refined ingot shows 
superior low-temperature impact resistance and lower 
transition temperatures. The slight difference in the 
room temperature toughness of the two steels in Fig. 2 
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is probably the result of the slight difference in hard- 
ness. The superiority of the aluminum over the vana- 
dium-refined steels is consistent but more marked at 
the lower hardnesses. Identical trends are shown by 
both the temper embrittled and unembrittled curves 
and the proximity of the two transition curves indi- 
cates that steel A is only slightly susceptible to temper 
embrittlement. 

Figures 4, 5, and 6 show the transition curves for the 
aluminum and vanadium refined ingots from heat B 
(medium manganese, nickel, molybdenum steels) . The 
aluminum steel has superior toughness at both room 
and sub-zero temperatures and exhibits a lower transi- 
tion temperature. This effect decreases with increasing 
hardness and is partly concealed in Fig. 6 by the higher 
hardness of the aluminum steel with its consequent 
lower impact resistance at room temperature. The 
temper embrittled steels are again only slightly in- 
ferior to the unembrittled steels in all cases indicating 
that this steel is only slightly temper brittle. 

The transition curves for the high manganese, chro- 
mium, molybdenum heat C (Fig. 7 and 8) however, 
show the toughness of the vanadium-refined ingot to be 
better than the aluminum ingot. Some of these dif- 
ferences, such as shown in Fig. 8, are undoubtedly 


ce 


Heat C 


Fig. 11—Photomicrographs showing tempered martensite in six experimental ingots. Top—Aluminum refined; 
Bottom—Vanadium refined. 
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caused by the higher hardness of the aluminum steels. 
It must be pointed out, however, that Fig. 7 shows a 
difference between the aluminum and vanadium steel 
transition curves that is greater than should be ex- 
pected from the hardness variation. The superiority 
of the vanadium steel may be caused to some extent by 
the difference in manganese content of the two ingots 
(the aluminum-refined ingot contains 0.29 per cent 
more manganese than the vanadium ingot). The 
transition temperature is considerably higher and the 
impact resistance values show appreciably more scatter 
for this composition than for either heat A or B. How- 
ever, the low temperature toughness and transition 
temperatures of this heat, are so inferior and so much 
more erratic than either A or B that it is doubtful 
whether the small relative effect of aluminum and 
vanadium should be considered. The greater difference 
between the temper embrittled and nonembrittled 
curves in Fig. 7 makes it apparent that this composi- 
tion is considerably more susceptible to temper em- 
brittlement than either of the other steels. 

A comparison of the impact resistance vs testing 
temperature of the three compositions at two different 
hardness levels are given for the aluminum ingots in 
Fig. 9 and 10. Heat A exhibits somewhat inferior low 
temperature toughness than heat B; heat C has appre- 
ciably less toughness and a higher transition tempera- 
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ture than either of the other two heats. It is noted 
that the energy absorbed during a ductile fracture is 
similar for all three steels in Fig. 9 and becomes the 
same when corrections are made for hardness varia- 
tions in Fig. 10. 

Examination of the fracture appearance of the im- 
pact bars from all specimens failed to reveal the pres- 
ence of any embrittling constituent such as aluminum 
nitride or any appreciable segregation effect. The 
smooth, silky, fibrous appearance of some ductile frac- 
tures are shown in Fig. 12. 

Microscopic examination (Fig. 11) of the tempered 
specimens indicated that all six ingots had an éssen- 
tially tempered martensitic structure—a prerequisite 
for optimum toughness within the hardness range 
under investigation. There was, however, a correlation 
between the amount of grain boundary precipitate 
and the relative toughness of the three heats. Heat B 
had only a trace of precipitate; heat A appeared to 
contain an occasional amount; and the precipitate was 
prevalent in heat C. No variation in the amount of 
precipitate from the aluminum to vanadium-refined 
ingot within each heat was observed. This precipitate 
appeared to be a grain boundary carbide. Representa- 
tive nonmetallic inclusions obtained for the six steels 
are shown in the unetched photomicrographs in Fig. 
13. The three vanadium-refined steels exhibit globulai 





Heat A Heat B Heat C 


Fig. 12—Fractures of all Charpy test specimens broken at room temperature showing fibrous fractures. Hardness 
is 30 Re. Mag. 5X. 
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Fig. 13—Photomicrographs showing nonmetallic inclusions in six experimental ingots. Top—Aluminum refined; 
Bottom—Vanadium refined. Unetched. Mag. 100X. 


silicate inclusions of a wide range of sizes (Type I"*) ; 
the three aluminum-refined steels contain smaller in- 
clusions that consist of sulphides and alumina (Type 
III'*). These inclusions are considered to be normal 
for cast steels deoxidized in this manner. 

A comparison of the chemistry of the three heats 
may indicate some of the causes for variations in tough- 
ness. The difference in residual aluminum content 
may possibly account for the better toughness of B 
compared to A. This possibility is more probable be- 
cause the vanadium-refined ingot of heat A has better 
toughness than the vanadium-ingot of heat B (see Fig. 
1, 2, 4 and 5). The markedly inferior toughness of 
both ingots from heat C may well be caused by the 
higher manganese content. Weight is added to this 
deduction by the results of some recent work**, and by 
the improvement in toughness with the lower man- 
ganese vanadium ingot from heat C. It may also be 


significant that the relative toughness of the steels (Fig. 
9 and 10) decreases as the chromium content increases. 

The tempering of the test pieces to the same hard- 
ness levels was influenced by the vanadium content. 
Appreciably higher temperatures and longer times 
were required to obtain equivalent hardness on the 
vanadium ingots from each heat than the correspond- 
ing aluminum ingots. The differences in tempering 
treatments may have influenced the results somewhat 
by embrittling the aluminum-refined steels at the low 
tempering temperatures. Since the treatments were re- 
quired to obtain the desired hardness levels any em- 
brittlement that does appear should be considered in 
a comparison of the steels for engineering applications. 

It was necessary to temper close to the critical range 
to obtain the lower hardnesses. If the critical tempera- 
ture was exceeded, it became apparent by the difference 
in the hardness and strength of the water quenched 





280 


and furnace cooled specimen run in each group. Any 
samples that indicated that they had been tempered 
above the Ac, temperature were discarded and an- 
other set austenitized, quenched, and tempered at a 
lower temperature. 


General Considerations 


It is appreciated that the high alloy compositions 
employed in this investigation had hardenabilities in 
excess of those required for through-quenching of the 
sections treated and that they are composed of special 
groups of alloying elements. These special alloy com- 
binations may well have affected the relative tough- 
ness of the aluminum and vanadium refined steels. It 
is entirely possible that the use of analyses with lower 
hardenability (although sufficient for quenching to a 
completely martensitic structure) would alter the im- 
pact resistance data. Various other combinations of 
nickel, chromium, molybdenum, and manganese may 
cause some change in the relative effect of aluminum 
and vanadium. 

For engineering applications that require excellent 
toughness in relatively heavy sections a fine-grained, 
fully-hardened, and tempered steel is required. Steels 
of high hardenability and the use of an effective grain 
refiner are necessary. The problem is what combina- 
tion of alloys and what grain refiner will produce opti- 
mum toughness. Of the three high hardenability steels 
employed in this investigation, the medium manga- 
nese, nickel, molybdenum steel (heat B) appears to 
produce the best toughness followed closely by the low 
manganese, chromium, nickel, molybdenum steel (heat 
A) with the high manganese chromium-molybdenum 
steel definitely undesirable for components requiring 
high toughness. A survey of the literature indicated 
that aluminum, titanium, vanadium, and zirconium 
could be used as effective grain refiners. The results of 
this work show for the steels investigated that the 
aluminum-refined steels are more suitable for purposes 
requiring toughness than vanadium-refined steels. ‘The 
literature contained some information that titanium 
was deleterious to high impact resistance. Little con- 
clusive information was available on zirconium, how- 
ever, and an investigation of the effect of this element 
should be considered for future work on this subject. 

There are many other factors which influence the 
use of either aluminum or vanadium. These include 
the greater availability, lower cost, and lower strain 
aging rates of aluminum steels compared to the 
strengthening effect, better welding properties and 
superior high temperature behavior of the vanadium 
steels. 

In analyzing the curves, it should be stfessed that 
low temperature toughness is a much better criterion 
than room temperature toughness of the ability of the 
steels to resist fracture at both normal and low operat- 
ing temperatures when the stresses are rapidly applied 
and highly concentrated. 
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DISCUSSION 


Chairman: G. W. Jounson, Vanadium Corp. of America, 
Chicago 

Co-Chairman: R. E. Kerr, Pettibone Mulliken Corp., Chicago 

C. E. Stms:* Were these steels heat treated to the same au- 
stenitic grain size? 

Mr. WALLACE: Yes, as shown in Table 1. 

Mr. Sims: Sometimes vanadium steels will coarsen consider- 
ably if they are overheated. We obtained similar results on 
impact properties of cast steels, as reported several years ago 
before this Society. We found one peculiar thing about the 
aluminum-treated steels was that they had about the same 
transition temperature either in the normalized or in the 
quenched condition, although most steels exhibit decidedly 
better properties in the quenched stage. 

Mr. WALLACE: The austenitic grain size was slightly larger 
in the case of Heat A; it was ASTM Grain Size 4 and 5 in the 
vanadium steel. But the other heats had essentially ASTM 
Grain Size 6. We used the high austenitizing temperature, 1700 
F, in order to obtain complete carbide solution in the high 
alloy steels. We ran tests at 1625, 1650, 1675 and 1700 F and 
found that there was no appreciable coarsening. The finest 
grain size we could get was ASTM No. 6. With those high 
alloy compositions it sometimes is difficult to get a much finer 
grain size than ASTM No. 6. 
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ATTRACTING AND KEEPING GOOD MEN IN THE FOUNDRY 


By 


G. E. Tubich * 


ABSTRACT 


This paper briefly presents some factors of safety and health, 
labor turnover, and human relations in the foundry industry. 
Silicosis results from breathing air containing “free silica” dust. 
The action of this type of dust in the lungs replaces normal lung 
tissue with fibrous or scar tissue. Dust particles capable of pro- 
ducing silicosis are usually less than 5 microns in size. 

Good housekeeping is one of the most valuable assets in at- 
tracting desirable foundry personnel. Adequate sanitation facili- 
ties should be provided. 

Over 90 per cent of the foundry accidents were found to in- 
volve an unsafe working condition and an unsafe personal act. 
Well-planned safety and health programs result in substantial 
reduction of accidents, in the incidence of occupational disease, 
labor turnover and absenteeism. 


SILIcA is required for many industrial applica- 
tions and in any industry or operation employing this 
material, silicosis is a potential hazard. Each month, 
six men working in foundries become permanently 
disabled due to silicosis. This number represents only 
those cases coming to the attention of compensation 
commissions and not the total number of silicosis cases 
in the foundry industry. Studies conducted in New 
York, Massachusetts, Wisconsin, and Pittsburgh showed 
that on the average nine per cent of foundry employees 
have some degree of silicosis. The incidence of silicosis 
is based on detailed studies conducted about ten years 
ago and is the only data of this type available. In 
order that this information may be brought up-to-date, 
the U. S. Public Health Service is now conducting a 
study of the foundry industry. 


Data Presents Incomplete Picture 


Admittedly, the above data gives an incomplete pic- 
ture of the human suffering and economic loss (to both 
employer and employee) caused by this occupational 
disease. They tell nothing of the years of productive 
life lost because of the disease’s incapacitating effects 
and complications that may develop. However, collec- 
tion of this type of data is essential if improvements 
made in the foundry industry are to be indicated. 

When the American Foundrymen’s Society came into 
being in Philadelphia in 1896, this message formed the 
keynote at the inaugural meeting: ‘““The man who does 


* District Engineer, Bureau of Industrial Health, Michigan 
Department of Health, Grand Rapids 2, Michigan. 
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not keep closely in touch with his competitors in these 
days is likely to find himself far behind in the race. 
No man has a monopoly on good ideas in any branch 
of industry, and there is no man who is so well in- 
formed, so thoroughly conversant with the details of 
his own business that he can learn nothing by discus- 
sions with his fellow manufacturers. ‘Those who know 
the most, those who are most progressive in their busi- 
ness, are most likely to acquire new ideas which will 
place them still further in the lead.” 

It is not the author’s intention, in any way, to por- 
tray the undesirable side of the foundry but rather to 
contrast it with the possibilities of making the foundry 
a better place to work. Any criticism of the foundry 
industry and official health agencies is not aimed at 
their defects but at their inadequacy and incomplete- 
ness. 


Attracting Young Men 


Many foundries today are faced with a shortage of 
good workers and in some aspects it presents a real 
challenge—for there is more to the problem than hav- 
ing an adequate number of foundry workers. It in- 
volves many factors and any attempt to solve one of 
the factors alone may not be entirely successful. Its 
solution will require team work, serious thinking and 
long range planning on the part of all who are con- 
cerned with the future of the foundry industry. 

When the task is set for attracting young men to 
jobs in the foundry, we must first seek an answer to the 
question, “What are the conditions surrounding these 
jobs?” The answer will be most helpful if it is given 
in the terms of the individual] plant and community as 
well as the Nation as a whole. It should also be given 
in terms of the dynamic, rapidly changing economic 
picture, rather than as a daguerreotype of a static 
situation sometime in the past—for the occupational 
needs of our economy are slowly changing. 

In examining some of the conditions surrounding 
these jobs have you considered the factors of health 
and safety, labor turnover and human relations? All 
three involve the same common denominator—the men 
in your foundry. 

Investigations on a few phases of these conditions 
are in progress. The work of the Northwestern Penn- 
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sylvania Chapter of A.F.S. is commendable. Since re- 
cruiting and retaining workers have been difficult for 
Erie foundries, this chapter and the local and district 
offices of the Pennsylvania State Employment Service, 
through a joint committee, determined to find the 
reasons given by applicants refusing to accept foundry 
work. Three reasons were listed, the first of which 
was: “Observation by potential, former and present 
workers that foundry work is dusty, strenuous, un- 
healthy, dangerous, socially undesirable and not suf- 
ficiently challenging.” In addition to uncovering the 
chief causes of the shortage they have also adopted a 
plan of action and responsibility. Facts such as these 
are but further evidence that the problem of satisfac- 
tory working conditions is recognized and that there is 
need for improvement. 

In a canvass being conducted of the state workmen's 
compensation commissions, in states having 50 or more 
foundries, the returns received to date reveal that many 
of these units do not have adequate statistical divisions 
to report the incidence of occupational diseases. How- 
ever, those that have reported thus far show that for 
the period 1945-47, 216 claims have been paid on 
silicosis cases that were attributed to the foundry. 

Let me be the first to admit that the figures given on 
number of compensable cases of silicosis and incidence 
of silicosis do not accurately reflect the status of found- 
ries today. However, we do know that during the last 
15 to 30 years dust conditions in foundries have been a 
contributing factor toward the number of cases of 
silicosis now being reported. We in official health 
agencies know no way of directly correlating this data 
because of the slow progression of silicosis. It is only 
through the collection of these data and detailed 
studies of foundries that we are able to determine the 
trends on the problem of silicosis. 

Perhaps there are other industries or occupations 
that have a greater incidence of silicosis but we are in- 
terested in the problem only as it affects the foundry 
industry. As no cure is known for silicosis after it has 
developed, prevention is the only effective remedy. 
There are two main lines of approach to the problem 
of silicosis prevention—the engineering, through con- 
trol of dust production and the medical, through 
proper selection and placement of workers in accord- 
ance with the physical findings of each individual. 


Action of Free Silica Dust 


There is only one way in which any worker can con- 
tract silicosis and that is by breathing air that con- 
tains “free silica” dust and the action of this type of 
dust in the lungs is to replace the normal lung tissue 
with fibrous or scar tissue. The principal factors in 
determining the health hazards from this type of dust 
are: per cent of “free silica” in the dust, amount of 
dust in air, size of dust particles, length of exposure, 
plus the individual susceptibility of the worker. 

Of these five factors, perhaps a short discussion of 
the size of dust particles will be of value. The unit of 
measurement for dust is the micron. One micron is 
equivalent to 445,999 of an inch. The average thick- 
ness of the human hair is about 75 microns and the 
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smallest particle visible without magnification is about 
35 microns. This latter figure is about 20 to 30 times 
the size of dust found in industrial atmospheres. In 
other words, the particles of dust of significance from 
a standpoint of health are only a small fraction of the 
size visible by the naked eye. Therefore, the dust 
hazard in the foundry cannot be accurately judged by 
visual observations alone. 

Dust particles that are capable of producing silicosis 
are usually those that are below 5 microns in size. 
Particles larger than this settle out quite rapidly. The 
estimated settling rate for silica dust (Table 1) is based 
on the rate of fall of particles in still air according to 
Stoke’s law. It can be readily seen from this settling 
rate data that dust liberated into the working environ- 
ment can stay suspended in the air for hours and con- 
tinue to be a threat to the health of the workers. 


TABLE |—EsTIMATED SETTLING RATE FOR SILICA Dust 
IN STILL AIR 





Time in Min 
lo Fall 1 Ft 


Size in Microns 





0.25 590.0 (9.8 hr) 
6.50 187.0 (3.1 hr) 
1.0 54.0 
2.0 14.5 


5.0 2.5 








Most of the dust hazards in a foundry can be ade- 
quately controlled by either well-designed local or 
general ventilation systems. However, wherever pos- 
sible, first consideration should be given to the use of 
local ventilation in order to insure positive control. 
Although the original cost of installation of a local 
exhaust system is much greater than that for general 
ventilation, local exhaust systems will prove more eco- 
nomical in the long run. 


Maintenance of Dust Collectors Essential 


While most dust collectors require little mainten- 
ance, poor maintenance is a common fault. Recently 
the chief engineer of a well-known dust-collector manu- 
facturer, questioning the superintendent of a plant on 
how the installed equipment was performing, got this 
answer: “Best piece of equipment we ever bought. We 
haven't had to look at it once in the past four years.” 

Cases like that are unfortunately not too unusual. 
As a result, there are plants today that think they have 
dust control but actually do not because their equip- 
ment suffers from lack of attention and consequently 
is not performing as it should. In making changes 
or rearrangements of equipment be sure that these 
changes do not overtax existing dust-collecting facili- 
ties, which of course are designed to handle only cer- 
tain loads under certain conditions. . 

Good housekeeping alone will be one of your most 
valuable assets in attracting desirable foundry person- 
nel. Inaugurate a good housekeeping program; not 
just a short clean-up campaign, but a continuous pro- 
gram whereby the entire foundry is cleaned and steps 
taken to insure its being kept in that condition. To- 
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day there is a generally accepted doctrine that a clean 
and orderly foundry is a prosperous foundry. 

Adequate sanitation facilities should be provided. 
Locate these facilities so that they are convenient for 
all of your employees. A two locker system is desir- 
able—one for his work clothes and one for his street 
clothes so that when your employee leaves the foundry 
in street clothes he will be more respected by the pub- 
lic, his family, and more important by himself. 

Light and lighting are so universally applicable, 
controllable and essential, however they have been so 
generally neglected from every viewpoint of seeing 
that a brief discussion of them is justifiable. The II- 
luminating Engineering Society conducted a survey in 
representative plants in major industries and it was 
found that 50 per cent of the plants had defective il- 
lumination and 25 per cent of the plants had inade- 
quate illumination. 

Poor illumination is reported as contributing to 
approximately 25 per cent of industrial accidents, an 
understandable estimate when we consider that a 
worker without proper illumination on his work is 
partially blindfolded. The best worker with the best 
eyes, equipped with the best tools, becomes inefficient 
when handicapped by poor illumination. 


Importance of Good Vision 

Vision is an important factor in industrial efficiency 
and has a marked bearing on output and on accident 
occurrence. Inability of the human eye to accommo- 
date easily and efficiently to the exacting visual tasks 
of industry as age increases is not a defect of vision but 
is rather a normal phenomenon which accompanies 
age. Unfortunately, many persons do not realize that 
this normal diminishing of visual capabilities is taking 
place as age increases. A study by the U. S. Public 
Health Service on visual performance in industry 
(Table 2) illustrates this point. Also indicative of the 
extent of this problem is the fact that the country’s 
population contains a steadily increasing proportion 
of older people who are remaining in industry. 


TABLE 2—RELATIONSHIP OF AGE TO VISUAL 
PERFORMANCE IN INDUSTRY 








Age Per Cent with 
Defective Vision 
Under 20 23 
20 — 30 39 
30 — 40 48 
40 — 50 71 
50 — 60 82 
Over 60 95 





Remember that it takes time to see. How much 
time depends on visual acuity (size of detail to be 
seen), contrast (contrast of object with its surround- 
ings), time (speed of vision), brightness (illumination 
on the task times the percentage reflected to the eye), 
age (visual efficiency as compared with the normal 
eye), subnormal vision (visual. efficiency and visual 
health) and glare and state of adaptation (visual effi- 
ciency and visual comfort). In conjunction with ade- 
quate illumination, the use of color offers many bene- 
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fits. The scientific system for using color is essentially 
concerned with results, not mere appearances. 

The U. S. Reduction Co. conducted a survey on the 
nature of casting defects and the results show that sand, 
dirt and inclusions leads the list of trouble makers. 
(Average per cent loss for all sizes of foundries—2.55). 
Controlling foundry scrap is a detailed problem and in 
this particular defect it would appear that good illu- 
mination along with good housekeeping would be of 
definite value. 


Safety 


The National Safety Council has established 1930 as 
a base index year for frequency and severity rates for 
all industries. While the rates for the foundry industry 
have continually been about twice that of the all in- 
dustry average, there is evidence that the foundry in- 
dustry has taken cognizance of this fact. Net reduction 
since 1930 of 44 per cent and 60 per cent in the fre- 
quency and severity in indexes of the foundry industry 
compare with reductions of 58 per cent and 50 per 
cent in the corresponding rates for all industries. There 
is no reason why this trend cannot be continued. 

Over 90 per cent of the foundry accidents were 
found to involve both an unsafe working condition 
and an unsafe personal act. It is apparent, therefore, 
that any successful foundry safety program must in- 
clude measures designed to eliminate both of these 
accident-producing factors. 

The most hazardous departments are shakeout, melt- 
ing and cleaning, chipping and finishing. The record 
of the molding departments is about average while the 
pattern shops and core rooms had the lowest injury- 
frequency rates among the principal operating depart- 
ments. 

Poor housekeeping and the lack of proper personal 
safety equipment for use in hazardous operations were 
the outstanding unsafe working conditions which lead 
to the injuries. On the personnel side, the outstand- 
ing unsafe acts which contributed to the occurrence 
of injuries were using unsafe equipment or using 
equipment improperly, assuming an unsafe position or 
posture, failing to wear safe clothing or provided safety 
equipment and unsafe lifting. 

The importance of good housekeeping and of the 
closely allied condition of safe plant layout as a means 
of avoiding accidents cannot be over-emphasized. Thir- 
ty per cent of all the foundry accidents for which full 
details were available were directly related to poor 
housekeeping conditions or unsafe work layout. 

A recent study made by the National Safety Council 
of information obtained from 730 companies repre- 
senting 24 different types of work revealed an average 
frequency rate of 0.67 disabling eye injuries per mil- 
lion man-hours worked. The highest rate of 4.85 was 
reported for mining operations. Foundry operations 
were next highest with a rate of 3.99. 

The use of personal protective equipment as a rule 
does not prevent accidents. It seems apparent, how- 
ever, from the character of the injuries experienced by 
foundry workers that more extensive use of protective 
equipment could do much to prevent or minimize a 
great many foundry injuries. Conservatively, it is esti- 
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mated that 40 per cent of all foundry injuries could 
be avoided through the general use of proper goggles, 
gloves, leggings, spats and safety shoes by workers en- 
gaged in operations which present eye, hand, foot and 
leg hazards. 

Plant size, in one way or another, may either facili- 
tate or impede the functioning of a safety program, 
but it seems evident that regardless of size, those plants 
which take a genuine interest in safety do have lower 
injury-frequency rates than those which make only per- 
functory efforts toward safety. On the average, injuries 
which occurred in small foundries in 1947 were more 
serious than those occurring in foundries of the same 
size in the previous year, and were also more serious 
than the injuries occurring in medium-sized and large 
foundries. 

According to data compiled by the Bureau of Labor 
Statistics and contrary to popular opinion, about 70 
per cent of all accidents occur in small businesses. One 
of the greatest reasons that many small concerns fail to 
promote a strong safety program is, that they fail to 
realize the amount of money they lose on each acci- 
dent. Where they carry insurance, they are likely to 
think of the cost as the cost of premium only. Where 
they pay compensation and medical expenses directly, 
they think only of those costs. As high as premiums on 
insurance or direct payments for compensation are, 
they are only a small part of the total costs of acci- 
dents. A rule of thumb measure, set down by the De- 
partment of Commerce, is that for each dollar of direct 
costs for compensation plus medical expense, there 
are four additional dollars for indirect costs. 

In 1946, the latest year for which rates were com- 
piled and published by the Bureau of Labor Statis- 
tics, foundries submitting information to the Bureau 
of Labor Statistics had frequency and severity rates of 
41.8 and 3.1 respectively. During that same year, 
foundries reported to the National Safety Council had 
rates of 23.7 and 1.6. 

The rates compiled by the National Safety Council 
represent the average experience of companies with 
well organized activities while the rates compiled by 
the Bureau of Labor Statistics are probably more rep- 
resentative of all companies in the industry, both those 
with good safety programs, and those in which safety 
is merely a passive activity. 

The correction of unsafe working conditions gener- 
ally is entirely within the powers of management. The 
avoidance of unsafe acts, on the other hand, requires 
cooperation and understanding by both management 
and workers. Management must take the lead, how- 
ever, by providing safety-minded supervision and by 
making sure that all workers are acquainted with the 
hazards of their operations and are familiar with the 
means of overcoming those hazards. 


Labor Turnover 


Separate rates are always higher in the foundry in- 
dustry than the average for all durable goods indus- 
tries. The problem of high turnover rates among new 
and unskilled workers is a major concern of the found- 
ry industry. The wage scale in the foundry industry 
is comparable to other industries and the opportunity 


ATTRACTING AND KEEPING Goop MEN IN THE FOUNDRY 


for-development is as good or better than in other in- 
dustries. These are two fundamental considerations 
for those seeking employment or to those already em- 
ployed. Why then is the labor turnover higher than 
in other industries? 

Several reasons accounting for this situation are ap- 
parent. The foundry industry requires a large amount 
of foundry labor and the undesirableness of these jobs 
coupled with unsatisfactory working conditions in- 
duces this group to be “floaters” in the hopes that they 
may find the right job. The U. S. Employment Service 
states that most turnover occurs among new employees 
who are unsuited for foundry work or who find the 
work too difficult. 


TABLE 3—COMPARISON OF UNSKILLED LABOR 
TO SEPARATION RATES 





Industrial Per Cent of Unskilled Separation Rates 





Classification Labor Employed Per 100 Employees 
Durable Manufacturing 10.0 4.9 
Foundries 13.5 5.9 
Steel 10.8 4.3 
Non-ferrous 13.4 4.8 
Malleable iron 14.7 6.2 
Gray iron 15.3 75 





Table 3 shows the relationship between foundry 
labor and separation rates. Those foundries having 
the largest labor force also have the highest turnover. 
Many plants are adopting methods to attract new 
workers and stabilize employment. Some of the heav- 
iest work in the foundry has been minimized by instal- 
lation of new mechanized equipment, thus relieving 
workers of tasks requiring extreme physical exertion. 
This trend on the part of the industry is significant 
because unskilled occupations in industry are declining 
in relative importance and the importance of semi- 
skilled workers is increasing rapidly. The decline in 
the proportion of unskilled jobs suggests a greater need 
for workers with training and a good education. 

No doubt a good share of the labor turnover is car- 
ried on within the industry itself. Therefore, most of 
the labor supply is kept within the industry but an 
added cost of operation is also carried along, because 
it has been estimated that the direct and indirect hir- 
ing costs alone amount to an average of $50.00 per 
hire. Mill and Factory has shown that those plants 
experiencing a decrease in worker productivity attri- 
bute labor turnover and/or absenteeism (21 per cent) 
as being one of the major contributing factors. 


Human Relations 


One of the big problems facing industry today is the 
problem of human relations and a solution of this 
problem would have far reaching consequences. There 
are two major functions connected with industry’s 
operations. One is the economic function of producing 
goods at a fair profit. The other is social or the creat- 
ing and distributing of human satisfaction among the 
people under its roof. 

If the employee knew what the companies’ thoughts 
were on given issues, the workers would be very much 
influenced by this knowledge. But, unfortunately, it 
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is a known fact that generally the worker does not 
know the company’s views. The issuance of mandatory 
orders can often create more ill than good will. In 
many instances industry has failed to realize the simple 
truth.that how something is done for its employees is 
actually more important than what is done. 

The Mill and Factory survey also showed that the 
biggest factor (38 per cent) in decrease of worker pro- 
ductivity was general indifference on the part of em- 
ployees. (Indifference on the part of the union—13 per 
cent). This indifference may be related to the notice- 
able trend of their interests in a steady job, company 
affairs and its plans and people, how the products are 
made and used, a square boss and a chance to get 
ahead. 

Since there are many facets to this problem, the 
workable answers will require serious thought. In 
some instances personnel policiés are already being re- 
vamped so that new and old employees will under- 
stand the company, production methods and the re- 
lationship of their individual jobs to others. Lines of 
promotion and opportunities are explained so that 
they may know their chance for advancement. Indus- 
try is beginning to look not so much for the trained 
worker but for the ones who know how to cooperate 
and who can get along well with others in the plant. 

This presents a brief picture surrounding the fac- 
tors of safety and health, labor turnover and human 
relations and it partially sets up the task before us. 
The American Foundrymen’s Society has already insti- 
tuted its fine educational campaign but we must not 
let it stand alone for it needs additional support. Have 
you considered providing this support through a fact- 
finding committee to evaluate the conditions sur- 
rounding foundry jobs? 

Industry wants economical production. To increase 
production, there must be efficient machines and more 
efficient operators of those machines. Industry will go 
to great lengths to increase production, to improve 
machines and process efficiency, to increase individual 
output and to cut costs. To take safety and health of 
the employee for granted is no more reasonable than 
to assume that a machine will run indefinitely without 
inspection or upkeep. When the molder stops, the 
molding machine stops. Both need technical care and 
occasional “tuning up.”’ 

You may ask, what claims first consideration—good 
working conditions or production? In examining this 
question you will find that the necessity for close co- 
operation between production and good working con- 
ditions eliminates any question as to which should 
claim first consideration. One is tied up with the other 
and poor working conditions automatically reflect on 
production. 

W. F. Hoffman, President, Electro-Alloys Division, 
American Brake Shoe, points out, “that better work- 
ing conditions and better equipment are essential to 
the production of quality products and to attract the 
highest type of workman.” This is representative of 
the attitude of thinking management. Therefore, the 
problem of improving working conditions in the 
foundry should no longer be a problem of convincing 
management either of its need or of its savings in dol- 
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lars and cents. Evidence that well-planned safety and 
health programs result in substantial reduction of ac- 
cidents, in the incidence of occupational disease, labor 
turnover and absenteeism, as well as the costs of com- 
pensation insurance payments is now conclusive. En- 
lightened management know these facts. The present 
problem, therefore, is not to convince management of 
the need but to show management that the time is 
now. 

There is a definite need for a change in viewpoint, 
on the part of all who are concerned with the foundry 
industry, from the rugged individualism of past gener- 
ations to a viewpoint of adjustment to new times, 
new conditions and new ideas. In line with this 
thought, management should recognize not merely a 
responsibility but an opportunity for better human 
relations and for more continuous and more profitable 
operation. 


DISCUSSION 


Chairman: L. C. Witson, Consultant, Reading, Pa. 

CoChairman: J. R. ALLAN, International Harvester Co., Chi- 
cago. 

F. H. Houn:' Does the author have any data giving the 
proper or ideal illumination for any particular job in the found- 
ry, such as molding or inspecting? Is there any correlation 
between intensity of illumination and efficiency? 

Mr. TusicH: The Illuminating Engineering Society has data 
on foot-candles of light required for individual operations of 
areas. Consideration is also being given to such factors as bright- 
ness, brightness ratio, and scientific use of color. Further infor- 
mation on this matter can be obtained from the Illuminating 
Engineering Society, 51 Madison Ave., New York. 

T. S. Apsort:? Sometime ago I had a discussion with a doctor 
in Milwaukee concerning the silicosis problem. He stated that 
he noted a number of the older men of the foundry industry 
were subject to silicosis and that it was not the younger men 
who were being disabled. Does that show up in any of your 
statislics? 

Mr. Tusicu: Data presented in the paper includes only those 
cases Qf silicosis on which claims have been paid by various 
Workmens Compensation Commission. None of the Commissions 
had data on the incidence of silicosis by age groups. Normally 
it requires many years of exposure to “free silica” dust to pro- 
duce silicosis and for this reason the incidence of silicosis is 
usually higher in the older foundry worker. 

Mr. Assott: The point this doctor brought out was that in 
the early 20’s there was a general age spread over the whole 
working age, where men of any age were indicating silicosis, but 
now he finds it is confined to the older men who were in the 
industry prior to 1925. The younger men are not showing it. 

Mr. Tusicu: I hope that is true because that would indicate 
that conditions are improving in the foundry. The cases of sili- 
cosis now being reported are generally from workers who entered 
the foundry when dust control] measures were at a minimum. 
Those foundries that have provided adequate control measures 
will, over a period of time, experience a decrease of incidence 
of silicosis from all age groups. 

EK. W. Beacu:* The author dealt at length on physical in- 
firmities including eyesight. There is one very important thing 
for the attention of the men who are interested in the welfare 
of employees in regard to accidents rather than to hygiene;: it 
is to include eyesight in the physical examination. You will be 
surprised at the resulting information you will obtain if you 
take a group especially employment applicants and examine 
the eyesight. 

The state of Michigan is now campaigning on this subject 
and the State Board of Education is examining the eyes of all 
pupils. It has developed some astonishing results. I simply 
direct the attention of the men in industry to it, that perhaps 


1 X-ray Supervisor, Scullin Steel Co., St. Louis 

2 Engineer, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

3 Engineering Executive, Campbell, Wyant and Cannon Foundry Co., 
Muskegon, Mich. 
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at future meetings some data may be given to us concerning 
eyesight. 

J. L. Yares:* The author indicated that the problem is not 
one of convincing management of the need, but to show man- 
agement that the time is now. So far, so good. But how about 
getting something over to the fellow who has to cooperate in 
order to make any safety program worthwhile; namely, the actual 
worker? How many times do we find a situation where the 
worker is supplied with every aid that is known and then the 
program fails because the worker refuses to use the safety devices 
provided for him? 

Thus far, such legislation as is in force, stipulates what must 
be done to protect the worker, but little or nothing is stipulated 
as regards the worker making any effort to protect himself. 

Mr. Tusicu: I know that problem too well. I have run into 
it many times where the company has provided the best of 
facilities and the employees do not use them, misuse them o1 
even tear them down. The only thing I can see is a sound edu- 
cation program—a joint cooperative effort between the worker 
and management. 

In the April, 1949 issue of AmeRricAN FouNpRYMAN, A.F.S. 
President W. B. Wallis in his editorial “Sit Back and Take 
Stock” said, “We should look to the safety and hygiene problems 
in our plants and learn to know our personnel better than here- 
tofore has been possibie.” Evaluate this statement as it applies 
to your foundry. 

Mr. YAtEs: Much has been done, in the way of publicity by 
way of posters hung in working areas, to inform workers about 
state regulations regarding provisions for worker’s safety, but 
little or nothing is done over the signature of the regulatory 
body to outline the worker’s responsibility in connection with 
those safeguards. 

It is much the same as regulations regarding pedestrians and 
automobile traffic at street crossings. For years, the autoist has 
had to obey traffic signals and traffic policemen under pain of 
fines or imprisonment for disobeying the rules, but, the pedes- 
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trian has done pretty much as he pleased, crossed against 
lights, crossed in the middle of the block, etc., and finally in 
some areas it has been necessary to impose fines on the pedes- 
trian as well as the motorist if he acts against his own safety 

Possibly a few posters outlining worker responsibility as well 
as owner's responsibility, stated over the signature of the regu- 
latory authority would help in making the worker realize that 
his personal safety requires at least some personal effort. 

Mr. Tusicu: I do not know if there has been any attempt 
made on that level to protect industry on what they have spent 
to make sure the worker uses them. I know of no legislation 
of that type. 

Mr. YATeEs: It is not a matter of saving money, it is a matter 
of preventing crippling accidents and disease. Thus far, we 
have made great strides in protecting men against machines, 
but little has been accomplished in the way of protecting the 
worker against himself. We can usually control any machine or 
any process and make them safe to handle but, as yet, we have 
not found a way to put a governor on a man’s mind. 

Mr. Tusicu: When we leave it to the individual worker, it 
normally does not work out. He will not do it for himself, un- 
less there is a continuous follow-up on the job. You cannot just 
tell him, now, here are your glasses, or here is a respirator; use 
them. You have to have an education program, and show him 
the value of the equipment to himself, to his family and to the 
company. Just an annual meeting or pep ta!k once or twice a 
year is not going to do it. It has to be something that is 
continuous. 

Mr. Yates: Usually, inspectors (the traffic policeman of the 
regulatory body) do a good job of keeping the owner (the 
autoist) on his toes as regards the necessary safeguards, but like 
the traffic officer they are too busy with the auto traffic to make 
the pedestrian (the worker) get back onto the safety island. 

Mr. Tupsicn: In many instances we have talked to the work- 
ers, the Union, the management, labor-management committees, 
and safety committees on the use of equipment provided and 
the responsibility of all groups concerned. 
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DEVELOPING STANDARD DATA TABLES FOR 
A FOUR-MAN MOLDING UNIT 


By 


M. T. Sell * 


ABSTRACT 


This paper presents fundamentals necessary for taking time- 
studies on a four-man molding unit for developing Standard 
Data Tables. The various elements are defined and charted, 
using actual charts in all examples. 

The standard data tables shown are in actual use today. The 
men are producing satisfactorily, earning a good premium, and 
have complete confidence in the Standards Department. Having 
the confidence of the worker is a major benefit to management 
as it eliminates many grievances experienced with less accepted 
plans. It enables management to quote prices in advance, meet 
production schedules and keep a steady flow of work available 
without guess work and estimating normally. necessary. In short, 
it is an indispensable tool that will be used by all, from the plant 
manager to the man in the shop. 

It is not the intent of this paper to present in detail the method 
of taking the timestudy, method of leveling, speed rating, o1 
method of determining the relaxation allowances. They are sub- 
jects which should be treated as individual topics and not as 
side issues. They are being purposely omitted because the intent 
of this paper is to slow the developing of Standard Data for a 
molding unit. 


_ Standard Data 


WHY SHOULD WE WANT TO SET STANDARDS by 
standard data? There are at least five outstanding 
reasons for using this method. 

1. To Establish Fair and Equitable Standards—Stand- 
ards set by standard data are fair and consistent with 
like jobs, because the tables have been developed from 
many timestudies, taken on different operators and 
under all varying conditions existing during the period 
studied. 

2. Time Saving—Standards may be determined in 
only a few minutes time, thus permitting 100 per cent 
standard coverage, which is almost an impossibility 
when using the direct time study method. 

3. Confidence Of The Worker—What is more impor- 
tant than securing the confidence of the workers who 
are actually affected by the standards? When using 
properly developed standard data, the worker will de- 
velop a confidence in the standards that cannot be 
equalled when using direct timestudies. 


* Standards and Methods Supt., Sterling Foundry Co., Well- 
ington, Ohio. 
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4. To Determine Costs—The cost of a job may be 
determined, and the selling price quoted to the custom- 
er before the job is made. This is a very important 
factor today, and in many cases a must in securing new 
work. 

5. Production Control—Standard data, by allowing 
standards to be set in advance, aids in making possible 
production schedules and machine loading. This is 
an advantage to both management and the men in the 
plant, because production may be kept at a more even 
level. 


Taking Timestudies for Standard Data 

When taking timestudies for the purpose of develop- 
ing standard data, it is necessary that the timestudy 
observer record certain vital information on the front 
side of the timestudy sheet, as shown in Fig. 1. Such 
information as flask size, pattern Classification, pattern 
displacement, depth of draw, number of jolts, risers, 
downgates, vents, gaggers, and nails necessary, and ex- 
tra ramming area, size and type of ram-up cores, loose 
pieces, and any other information which is thought to 
be necessary in developing the tables. 

On the back of the timestudy sheet, when taking the 
study, there must be as complete a breakdown of the 
elements of the work as is possible, as shown in Fig. 2. 
The elements of work are divided into two classes. 

1. Constant Elements— Those elements of 
which require the same amount of time to perform, re- 
gardless of the size or type of mold being produced. 

2. Variable Elements—T hose elements of work which 
may take less or more time to perform, according to 
the size and type of mold being produced, and are 
found to be dependent upon certain measurements. 

Those elements of work must not be combined, nor 
can two variable elements be combined, as they will be 
found worthless when developing the curves. The study 
itself is taken in the regular manner, keeping the titles 
and the breaking points of the elements consistent 
throughout the studies. 

The method of leveling the study may be one of 
many. Any method satisfactory for direct timestudy 
purposes would also be satisfactory for developing 
standard data tables. The leveling method used on 
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Fig. 1—Front of Timestudy Sheet 


these studies was the “circling method.” As can be 
noted from the study, the snap-back method was used 
in taking all the studies for this unit, with an overall 
speed rating as indicated on the front of the timestudy 
sheet (Fig. 1). The circles were drawn around the 
readings, which were, in the opinion of the observer, 
comparable to the overall rating of the study. You will 
also note that the encircled readings are not necessarily 
the average times for the element, because the operator 
or operators, could be above or below the overall rating 
on the majority of the readings on a certain element. 
When this is the case, the average of the readings would 
then not coincide with the overall rating of the study. 
We might say that this is a simplified way of speed 


rating each individual element, which we believe to be 
a practical and efficient method of leveling. 


Molding Unit Analysis 


The molding unit (Fig. 3) for which these tables 
were developed consists of four men; a machine opera- 
tor, and operator's helper, a finisher and core-up man, 
and a finisher’s helper. These men operate a pneumat- 
ic roll over, jolt and draw machine with a capacity 
of 1500 lb and a 26 by 30-in. plate, ramming both the 
drags and the copes of molds made in 20 by 20, 24 by 
24, 18 by 26, and 18 by 36-in.-sized flasks. Special flasks 
of sizes other than those mentioned are occasionally 
furnished by the customer. As this is a jobbing found- 
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Fig. 2—Back of Timestudy Sheet 


ry, the erders on any particular pattern may vary in 
quantity from 1 to 100 pieces, with the longest daily run 
on any one pattern about 20 molds. These short runs 
may be caused by the flask equipment available, the 
cores available, the type of metal required or the quan- 
tity ordered. Under normal conditions, this unit will 
have from 10 to 20 pattern changes per day, or 8-hr 
shift, since the unit makes both the drags and the copes. 

The empty flasks, plates and upsets, are transported 
over a roller conveyor to a location immediately beside 
the machine, where they will require a minimum of 
lifting and transporting. The drag pattern is placed 
on the machine and bolted fast by both the operatoi 
and the operator’s helper. As the operator cleans and 
dusts the pattern, the helper cleans and checks the next 
flask. The operator then steps to the conveyor and they 
both pick up and position the flask and 4-in. wooden 
frame on the pattern board. The wooden frame is 
placed on the flask to allow extra sand to be held 
above the flask joint. While the operator opens the 
hopper gate and allows the sand to flow into the flask, 
the helper levels the sand and keeps the wooden frame 
in position. If gaggers, nails or ram-up cores are 
needed, or loose pieces are present, both the operator 
and the helper perform the task, and then resume the 
filling operation. As soon as the flask is filled with 
sand, the operator opens the jolt valve, allowing the 
necessary number of jolts while the helper continues 
to level the sand and keep the wooden frame in posi- 
tion. 


As the operator reaches for the air rammer, the 
helper removes the wooden frame and places it on the 
next flask to be used. While the operator rams with 
the air rammer, the helper checks the plate to be used, 
secures the strike bar, and moves to the mold ready to 
strike off. As the helper strikes the excess sand from the 
mold, the operator replaces the air rammer. While the 
helper replaces the strike bar and is securing the plate, 





Fig. 3—View of Molding Unit for which the Standard 
Data Tables Were Developed 
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the operator throws enough loose sand on the strike-off 
surface of the mold to insure the proper bedding of 
the plate. As soon as the helper positions the plate on 
the mold, both he and the operator give the plate two 
or three sliding motions to further insure a proper fit 
on the joint. As the operator squares the plate on the 
mold, the helper picks up two adjustable clamps, 
hands one to the operator, and together they clamp the 
flask and the plate secure for rolling. As the operator 
rolls the machine, the helper secures a clamp releasing 
hook from the jib crane post, and walks to the far side 
of the machine. As soon as the draw table is brought 
firm against the plate, the operator who has secured his 
clamp releasing hook during the rolling operation, 
steps to the mold and together they remove the clamps. 

The operator hands his clamp to helper, and while 
he proceeds to draw the mold from the pattern, the 
helper returns the clamps in readiness for the next 
mold. If the pattern requires rapping during the draw, 
the helper will rap the pattern, and then proceed to 
clean and make the next flask ready while the operator 
returns the machine to its starting position. The oper- 
ator blows the loose sand from the jolt table as the 
machine returns. 

As the drag half of the molds are completed, the 
pattern is removed and the cope pattern bolted in 
position. The ramming procedure is precisely the same 
for copes, except that both the operator and his helper 
must position and remove the downgates and risers. 
The helper must also hold them in position, and posi- 
tion the pouring basin, during the filling operation. 
The helper also positions both clamps as the operator 
rams the copes with the air rammer. 


Drags Made Ready for Closing 


As the drags are rammed by the operator and his 
helper, the finisher and his helper proceed to finish, 
blow out, position the cores, and place flour around 
the joint. The drags are then ready for closing, and 
they are rolled away from the machine on a roller con- 
veyor which will hold from 20 to 25 molds. As the 
copes are made, the finisher’s helper lifts them from 
the draw table with the jib crane and electric hoist. 
The cope is then finished, rolled, the pouring basin 
removed, the risers and pouring basin cleaned of loose 
sand, and skimmer tins placed over the downgates or 
sprues. The drags are rolled back over the conveyor to 
the machine, the flask pins inserted in the cope, and 
the mold closed and clamped with three to four adjust- 
able clamps. The entire mold is then lifted with the 
jib crane hoist, transferred to the roller conveyor im- 
mediately beside the one which carries the drag molds, 
and rolled out into a large bay where they are later 
transferred to the pouring floor by indirect labor. The 
finisher’s helper, who assists the finisher throughout 
the entire operation, gets the cores necessary from the 
core department and prepares them for use. This is 
done at various times throughout the day, whenever it 
is convenient for him to leave the machine. It is the 
duty of both helpers to keep the empty flasks, plates 
and upsets in proper position at the machine. 

The studies for this unit were taken, and the stand- 
ards determined by the ramming operation only. The 


operator and his helper therefore set the pace for the 
group. The finisher and his helper must take advant- 
age of easier and simpler jobs to get and prepare cores, 
and do other necessary work for the more complicated 
ones to follow. It was only after considerable observ- 
ance, study, and discussion with the foreman, that it 
was agreed that the work performed by the finisher 
and his helper balanced very closely with the ramming 
time. If this unit was making long production runs on 
either simple or complicated work, it would be an easy 
matter to determine whether the helper should be 
eliminated or retained. With jobbing work of all 
classes it was a matter of balancing the work among 
the four men to fit all the jobs. 


Comparison Sheet 


As the comptroller records the results of the current 
month’s operations beside those of last month’s, and 
those for one year beside those of other years, so should 
the timestudy engineer tabulate the results of one study 
beside another in such a way that an analysis of the 
results is made more convenient. Because the studies 
were taken over a range of sizes, under different condi- 
tions and with different operators, it is most important 
that they be gathered together on some form. Figures 
4 and 5, The Comparison Sheet, are a type of form 
which may be used to record the comparisons. 

The comparison sheet is made up on a large sheet, 
preferably about 11 by 17 in., with the upper portiop 
used for the job specifications as taken from the front 
of the timestudy sheet (Fig. 1). The elements of work 
are listed on the lower portion of the sheet, and the 
values allowed for them are transferred from the back 
of the timestudy sheet (Fig. 2) dropping the third digit 
of the reading and recording to the nearest one-hun- 
dredth of a minute. The curve or chart number on 
which the values are plotted, is recorded as the work 
progresses. While it is not necessary to list the elements 
in their proper sequence, it was found that the com- 
mon and miscellaneous elements of this unit were so 
few, that they could be listed on one sheet each for the 
drags and copes. Each timestudy observer should, after 
completing the study, record his findings on the com- 
parison sheet. This serves as a check to determine if he 
has made the proper breakdown of the elements, and 
if any of the values are out of line with those already 
recorded. 

The comparison sheet will also indicate whether or 
not certain elements are sufficiently covered, or if more 
studies should be made of certain miscellaneous ele- 
ments or sizes. During the period the studies are made, 
considerable discussion must be had with the foreman 
to assure us that the methods and the quality of the 
work meets with his approval. From these discussions 
the range of the work made on the unit may be deter- 
mined. A check can then be made and all the effort 
expended on those elements not yet satisfactorily cov- 
ered, thus eliminating the waste of time taking unneces- 
sary studies. 

After taking a few studies and recording them on 
the comparison sheet, it is advisable to start plotting 
the values on the charts. Early plotting on the charts 
offers a still better picture of the coverage needed, and 
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Fig. 6—Class A Pattern 








Fig. 8—Class C Pattern 


permits an early correction of the variable if necessary. 
The values plotted on the charts will, if the correct 
variable has been used, form a curve or pattern across 


the chart. Those values or points not falling within 
the range must be checked with the timestudy to de- 
termine the cause. It may be that some delay time has 
been included, the speed rating was in error, faulty 
equipment, or a change in the method has been the 
cause. It may also be found that a second variable may 
be necessary to develop the curves. 


Pattern Classification 


In order to justify some of the points which fell out 
of line on the charts, it was necessary to use the vari- 
able of pattern classification. This was accomplished 
by classifying each pattern as class A, B, or C. 

Class A Patterns—Figure 6 shows patterns which re- 
quire considerable care in cleaning and dusting. ‘This 
type of pattern is usually deep, with pockets and cor- 
ners that require extra care in cleaning and drawing. 

Class B Patterns—Figure 7 shows patterns which re- 
quire some cleaning and dusting, but the pockets and 
corners are less critical than those of Class A, and less 
care need be exercised in drawing. 

Class C Patterns—Figure 8 shows patterns requiring 
only an occassional cleaning and dusting. The pattern 
is either very shallow and/or with plenty of draft, 
therefore only a minimum of care need be exercised in 
drawing. A flat back cope is classified as a C pattern. 


Relaxation Allowances 


As the values plotted on the charts do not include 
relaxation allowance, it must be added to these values 
before developing the tables. First of all, the amount 
of relaxation to be added to each element must be 
determined. 

When timestudy and standards were first introduced 
into the plant, certain personal and fatigue allowances, 
which.are combined and termed relaxation allowances, 
were determined and used with a certain bench mark 
or requirement of 100 per cent efficiency. It is believed 
that the relax allowance necessary may vary with that 
of other plants which might possibly have the same 
type of work with the same working conditions, because 
their bench mark, or requirement of 100 per cent ef- 
ficiency or 60 unit hours of work, may be higher or 
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Fig. 9—Relaxation Allowances 
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Fig. 12—Curve No. 3—Sand In 


lower. If the 100 per cent bench mark is kept con- 
sistent throughout the plant, and the relaxations al- 
lowed for all the elements of work are kept in their 
proper relationship to one another as to the physical 
effort required, monotony, frequency, duration, com- 
parable working conditions, etc., the worker will be 
justly compensated for the work he performs. 

Figure 9 shows the relaxation allowed for the ele- 
ments of work present on this unit. It can be seen 
that the allowance for each.element of work is com- 
parable with the others, which are in turn comparable 
to other work throughout the plant. 
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Clean and Dust Pattern 


Figure 10, “Clean and Dust Pattern,” has been plot- 
ted according to the pattern classification. It includes 
the tune necessary for the operator to brush and clean 
the pattern, dust the pattern and return the equip- 
ment. While the operator performs this task, the 
helper cleans the next flask and checks the round and 
slotted holes, making it ready to position. A second 
variable of “‘area’”’ was checked, but it was found that 
its influence upon the work was so little that it was dis- 
regarded. The element has a constant value of 0.05 
minutes to compensate the operator for the time re- 
quired to return the equipment. No time has been 
allowed for getting this equipment because it is done 
during the previous operation. The curve is drawn and 
a relaxation allowance of 10 per cent added. Reading 
the values from the curve we find, 


Class C—0.10 min + 10% relax = 0.110 min of allowed time. 
Class B—0.15 min + 10% relax = 0.165 min of allowed time, 


Class A—0.20 min + 10% relax = 0.220 min of allowed time. 


These allowed times have been entered on the chart 

and are encircled. 
Position Flask 

The element “Position Flask,” which is plotted on 
Fig. 11 is determined by the flask area. This element 
might have been plotted against the perimeter times 
the height, or weight of the flask, but because all flasks 
used on this unit are of the same depth, the flask area 
was a suitable variable. It represents the time neces- 
sary for the operator to step to the flask conveyor, and 
with the assistance of the helper, pick up and place the 
flask and wooden frame on the pattern board. The 
flask must be positioned with the round and slotted 
holes matching the markings on the pattern board, and 
must be completely down on the board. A constant of 
0.04 minutes is allowed to compensate the operator for 
the time required to step to the flask conveyor. As the 
size of the flask increases, so does the weight of the 
flask, therefore a relaxation allowance of 20 per cent 
was allowed for the smallest size used, and 30 per cent 
for the largest size used. By making the calculations in 
the following manner, the intermediate sizes will be 
allowed relaxation in proportion to the minimum and 
maximum allowances. As 400 sq in. was the smallest 
area, and 800 sq in. the largest area necessary for the 
table, the 20 per cent allowance was added to the read- 
ing at 400 sq in. and the 30 per cent allowance to the 
reading at 800 sq in. as follows: 





400 sq in.—0.155 min + 20% = 0.186 min of allowed time. 
800 sq in.—0.270 min + 30% = 0.351 min of allowed time. 
If 800 sq in. = 0.351 min 

400 sq in. = 0.186 min 
Then 400 sq in. = 0.165 min 
And 1 sq in. = 0.000412 min 


By starting the calculation with 0.165 minutes for 
400 sq in., and adding 0.000412 minutes for each addi- 
tional square inch of area, the table increases by in- 
crements of 10 sq in. to a maximum area of 800 sq in. 











294 DEVELOPING STANDARD DATA TABLES For A Four-MAN MOLDING UNIT 


Sand In 


For the element “Sand-In” we find the values are 
determined by the volume of sand used (flask volume 
minus the pattern displacement), Fig. 12. The values 
represent the time necessary for the operator to lower 
the sand chute, open the gate and start the vibrator by 
operating the air valves, fill the flask, and close the gate 
and chute. During this time the helper levels the sand 
and holds the frame’in position. When ramming copes, 
the helper straightens and holds the down gates and 
risers in position also. Because certain jobs require 
elements of work which interrupt the sand-in opera- 
tion, a constant value of 0.12 minutes was allowed for 
each extra application of sand. This is less than the 
0.20 minute constant allowed for the normal operation 
because certain motions are not necessary for the con- 
tinuation of the element. It was also found that quite 
often considerable time must be spent, over and above 
the normal fill time, to rap or, in some manner, jar the 
hopper to cause the sand to flow properly. Also at cer- 
tain intervals it was necessary for the operator and 
helper to shovel the excess sand, caused by spillage and 
striking off, from the floor into the mold. From the 
studies, a 15 per cent allowance was determined for the 
hopper delays, and a 10 per cent allowance for keeping 
the sand shoveled from the floor. A relaxation allow- 
ance of 25 per cent was allowed for the element, mak- 
ing a total allowance of 50 per cent to be added to the 
readings. The same mathematical procedure is used 
as is employed on similar curves, and the tables de- 
veloped and recorded by increments of 100 cu in., and 
for one, two, and three applications. 


Jolt and Level 


” 


The element “Jolt and Level” is determined by the 
number of jolts necessary (Fig. 13). It includes the 
time necessary for the operator to step to the controls, 
operate the jolt lever and allow the necessary number 
of jolts. During the jolting operation, the helper con- 
tinues to level the sand and hold the wooden frame in 
position. A constant value of 0.05 minutes is allowed 
the operator to step to che controls and operate the 
jolt valve. A relaxation allowance of 10 per cent is 
added to the readings, the values computed from the 
curve and the table projected by increments of one and 
two jolts, by using the previous mathematical pro- 
cedure. 


Ram (Butt-Off) 


The element of “Ramming,” or butting-off the drag 
is determined by the flask area (Fig. 14 and 15). It 
represents the time necessary for the operator to secure 
the air rammer from beside the machine, ram the mold 
to the desired hardness, and return the air rammer. 
The helper removes the wooden frame while the opera- 
tor is securing the air rammer, and positions it on the 
next flask to be used. He then steps to the side of the 
machine, secures the strike bar, and positions himself 
in readiness for the strike-off. When ramming copes, 
the duties of the operator are the same except that 
more ramming time is necessary for copes because of 
the interference of the bars. The helper’s duties during 
this operation on the copes, is to position the two ad- 
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Fig. 16—Curve No. 6—Strike Off 
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Fig. 17—Curve No. 7—Position Plate 


justable clamps, clamping the flask secure for rolling. 
A constant value of 0.11 minutes was necessary on both 
the drags and copes to compensate the operator for 
getting the air rammer and stepping to the mold. The 
time to replace the rammer is included in the following 
element. 

By adding 20 per cent relaxation to the values in- 
dicated by the curves, and by following the previous 
mathematical procedure, the table can be projected to 
the maximum area necessary by increments of 10 sq in. 


Strike Off 


The element “Strike Off’ is determined by the flask 
area, or area necessary for the helper to strike the excess 
sand from the mold and return the strike bar to its 
position (Fig. 16). While the helper replaces the strike 
bar, the operator throws a small amount of loose sand 
over the mold surface. A Constant of 0.035 minutes 
was found necessary for the helper to return the strike 
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bar. No allowance ‘is necessary for getting it, because 
this was accomplished during the previous element. 
By following the previous mathematical procedure 
and adding 20 per cent relaxation allowance, the table 
is projected to the maximum area necessary by incre- 
ments of 10 sq in. 
Position Plate 


The element “Position Plate’’ is determined by. the 
flask area, or the area of the plate (Fig. 17). As the 
helper is already in a position to pick up the plate 
(having just returned the strike bar to the same area), 
this value represents only the time necessary to reach, 
grasp, transport and position it on the mold. With the 
assistance of the operator, the plate is given two to four 
sliding motions to bed it firmly into the loose sand. 
On the largest size, it represents the time for both the 
operator and the helper to pick up and position the 
plate. While the helper is picking up and transporting 
the plate to the mold, the operator continues to spread 
loose sand on the joint, which is a carry-over operation 
from the preceding element, thus eliminating any al- 
lowance necessary for inherent delay. The relaxation 
for this element does not increase with the weight of 
the plate as does the element position flask, because as 
the plates become too heavy for the helper to handle, 
the operator assists in the work. 

By adding 30 per cent relaxation to the values indi- 
cated on the curve and using the same mathematical 
procedure, the table is projected to the necessary maxi- 
mum by increments of 10 sq in. 


Constant Elements 


In Fig. 18, there are seven constant elements plotted. 
Examining Constant No. 1, “Position Clamps,” which 
only applies when ramming drags, it is found to be a 
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constant because the same type artd number of clamps 
are used on every drag rammed. It includes the time 
necessary for the helper to secure the clamps from be- 
side the machine, hand one to the operator, and then 
together tighten the clamps. The operator squares the 
plate on the mold while the helper is getting the 
clamps, thus eliminating any inherent delay. This ele- 
ment carries a relaxation allowance of 20 per cent, 
which when added to the reading of 0.12 on the chart, 
allows a standard time of 0.144 minutes, as is indicated 
within the circle. 

Constant No. 2, “Roll Machine,” does not vary with 
the flask size when ramming drags or copes. It is purely 
a machine value, and is therefore treated as a constant. 
It represents the time necessary for the operator to 
step to the controls and operate the air valve to cause 
the machine to roll and raise the draw table firm 
against the mold. While the machine and draw table 
are in motion, the operator secures the clamp releasing 
tool, preparatory to removing the clamps. During the 
operation, the helper secures the clamp releasing tool 
from the jib crane post, and moves to the far side of 
the machine. When ramming drags the helper is cred- 
ited with a small amount of inherent delay while the 
draw table is being raised, but when ramming copes it 
becomes his duty to make sure the wooden blocks on 
the draw table are in proper position to support the 
cope. This element carries a relaxation allowance of 
10 per cent, which when added to the reading of 0.15 
on the chart, allows a standard time of 0.165 minutes, 
as indicated within the circle. 

Constant No. 3, “Remove Clamps,” is a constant ap- 
plicable to both drags and copes, because the same 
number and type of clamps are always used. It repre- 
sents the time necessary for both the helper and the 
operator to release and remove the clamps. As the 
helper returns from his position at the far side of the 
machine, the operator hands him his clamp, which he 
replaces while the operator returns to the controls. 
This element carries a relaxation allowance of 15 per 
cent, which when added to the reading of 0.10 on the 
chart, allows a standard time of 0.115 minutes, as in- 
dicated within the circle. 

Constant No. 4, “Return Machine,” is strictly a 
machine operation, and represents the time necessary 
for the operator to operate the control valve causing 
the machine to return to the starting position. As the 
machine is returning the operator secures the air hose 
and blows the loose sand from the bumper plate. The 
operator also secures the dry brush and dusting bag, 
in preparation for the element which follows. During 
this element, the helper proceeds to make the next 
flask ready for use, and check for the round and slotted 
holes. The helper may occasionally have some inherent 
delay during this or the following element. This ele- 
ment carries a relaxation allowance of 10 per cent, 
which when added to the reading of 0.12 on the chart, 
allows a standard time of 0.132 minutes as indicated 
within the circle. 

Constant No. 5, “Position Pouring Basin,” is a con- 
stant applicable to the copes only. It represents the 
time necessary for the helper to secure it from beside 
the machine, place it over the downgates, and force it 


>’ 


> 


into sand if necessary. The operator closes the hopper 
gate during the operation, but continues to hold the 
chute in the down position because he must continue 
to fill the flask with sand. This element carries a relaxa- 
tion allowance of 15 per cent, which when added to 
the reading of 0.16 on the chart, allows a standard time 
of 0.184 minutes as indicated within the circle. 

Constant No. 6, “Position Wooden Upset,” is applic- 
able to only one size, 18 by 36 in. A metal upset has 
not been used on this size flask as yet, and as only one 
size is used, the element becomes a constant. It repre- 
sents the time necessary for the helper to secure the 
upset from the conveyor and place it on the flask. The 
operator is given credit for inherent delay during the 
element. This element carries a relaxation allowance 
of 15 per cent, which when added to the reading of 
0.08 on the chart, allows a standard time of 0.092 
minutes as indicated within the circle. 


Draw Pattern 


, 


The element “Draw Pattern,” is affected by two 
variables; the depth of draw and the pattern classifi- 
cation (Fig. 19). The depth of draw is determined by 
measuring the depth of the pattern at the point repre- 
senting the greatest amount of direct or true draw (the 
last portion of the pattern to be in actual contact with 
the mold). It represents the time necessary for the 
operator to operate the draw valve to lower the mold 
at the desired speed, depending upon the depth of 
draw and the amount of care necessary, which is de- 
termined by the pattern classification. Some patterns 
require rapping during the draw, and when this condi- 
tion exists, the-helper does the rapping. As soon as the 
mold is clear of the pattern, the draw table is lowered 
to its starting position, during which time the helper 
proceeds to position the flasks, upsets and plates, ready 
for use. A constant value of 0.075 minutes was found 
necessary to allow the operator time to step to the con- 
trols, operate the draw valve, and for the hesitancy of 
the machine in starting the draw. 

By adding 10 per cent relaxation to the values in- 
dicated by the curves (Fig. 19) and following the pre- 
vious mathematical procedure, tables for class A, B, 
and C work were projected to the maximum draw 
necessary by increments of | in. 
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Fig. 19—Curve No. 8—Draw Pattern 











M. T. SELL 


ADD 15% RELAXATION 


X - IRREGULAR 
= A 















a” 60 
w 
~ 
> 
= 40 
= 
20 
mS & 
TANT VALUE OF .I0 
° 
° 2 Ss 8 2 6 
NUMBER OF GAGGERS 
Fig. 20—Curve No. 9—Position Gaggers 
ADD '5% RELAXATION 
|X - IRREGULAR 
bad . 
Ww 
k 
= 
Zz 
: 
NSTANT VALUE OF .OS 
% 2 4 6 8 10 2 14 16) 
NUMBER OF NAILS 
Fig. 21—Curve Ne. 10—Position Nails 
| AOD 20% RELAXATION 
” 
w 
ra 
| 
z 
= 
STANT VALUE OF 
° 100 200 400 500 600 700 800 
FLASK AREA, SQ IN. 
Fig. 22—Curve No. 11—Position Metal Upset 
25%4 202 RELAXATION 
x- BY 
” 
Ww 
+ 2 
> 
z 
= 


G 


NSTANT VALUE OF. 


6 


| 
+ — 





200 300 400 500 600 
AREA RAMMED, SQ IN. 


lig. 23—Curve No. 12—Extra Ram 


297 


Position Gaggers or Nails 


The elements “Position Gaggers or Nails’ is de- 
termined by the number necessary, and whether they 
are to be positioned in a regular or irregular manner 
(Fig. 20 and 21). It represents the time necessary to 
secure them from immediately behind the machine, 
and position them in the mold. The values for these 
elements of work did not produce straight line curves 
on the charts. This is because when only two to four 
gaggers or nails are necessary, only one man can usually 
perform the task efficiently, due to the limited amount 
of space in which to work. When this is the case, either 
the operator or the helper must be given credit for 
inherent delay. However, as the number required in- 
creases, they can both perform the task, decreasing con- 
siderably the time required per gagger or nail. The 
curve therefore becomes a straight line when the num- 
ber required becomes sufficient for both men to work. 

After determining the constant value necessary, and 
adding 15 per cent relaxation, the values are calculated 
and recorded directly from the curved portion of the 
chart. The values for the straight portion of the curve 
are then determined by the same procedure used on 
the previous elements, and the table projected to the 
maximum number desired, by increments of one. 


Position Metal Upsets 


The element “Position Metal Upset” is determined 
by the flask area or area of the upset (Fig. 22). It repre- 
sents the time necessary for the helper to step to the 
conveyor, transport to the machine, and position the 
upset on the flask. This element is present on only a 
few jobs, therefore the inherent delay incurred by the 
operator is not too critical. A constant value of 0.06 
minutes was allowed the helper to step to the conveyor 
and grasp the upset. 

By adding 20 per cent relaxation to the values in- 
dicated by the curve and following the regular pro- 
cedure, the table is determined and projected to the 
maximum area necessary. 


Peen By Hand/Air 


“Peening by Hand,” and “Extra Ramming by Air,” 
is determined by the area necessary to peen or ram 
(Fig. 23). It represents the time necessary for the opera- 
tor and helper to secure the tools, perform the task, 
and return the tools to their position. On very small 
areas, where only one man can peen or ram, the other 
must receive credit for inherent de!ay during the opera- 
tion. A constant of 0.125 minutes was found neces- 
sary to compensate for getting and replacing the tools. 

By adding 20 per cent relaxation for air ramming 
and 25 per cent relaxation for hand peening, to the 
values indicated by the curve, the tables are developed 
and prejected by using the same procedure as used for 
the previous elements. 

Jab Vent 

The element “Jab Vent’ consists of making vents in 

the strike-off area of the mold with stiff wires, the value 


for which is determined by the number of vents neces- 
sary (Fig. 24). It represents the time necessary for both 
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the helper and the operator to secure the tool from his 
side of the machine, make the necessary vents, and re- 
turn the tools to their position. A constant value of 
0.125 minutes was found necessary for the operator 
and the helper to get and replace the vent wires. 

By adding 15 per cent relaxation to the values in- 
dicated, the table is developed and projected to the 
necessary maximum by increments of ten. 


Downgates and Risers 


In Fig. 25 the values for “Downgates and Risers’’ are 
plotted, an element which is performed by both the 
operator and the helper. It represents the time neces- 
sary to position, their interference to the elements sand- 
in and ram, to remove, and position on the next flask 
to be used. Because of the fact that both men perform 
this task, and the number of each required are variable, 
the values plotted on the chart are for downgates alone, 
and downgates with one riser. It will be noted that 
the values for those two combinations fall in line on 
the same curve. This is because with the two men work- 
ing together, the added riser did not increase the time 
required. However, when more than one riser was 
necessary, the time required increased 0.10 minutes for 
each additional riser. ‘This element carries a relaxation 
allowance of 15 per cent. Reading the values as indi- 
cated by the curve on the chart, adding 0.10 minutes 
for each additional riser, and adding the 15 per cent 
relaxation, the following table was calculated and 
arranged. 


DOWNGATES AND RISERS 





Downgates No. ] 2 § 4 


Risers 0.23 0.28 0.37 
7 0.23 0.28 0.37 
0.35 0.39 0.48 

0.46 0.51 0.60 

0.58 0.62 0.71 








Ram-up Cores 


“Ram-Up Cores,” plotted in Fig. 26, represents three 
different types of cores. The values for these are plotted 
on the same chart by using different symbols. 

Special Cores are those cores made from a core box 
for the particular pattern. 

Slab-On-Surface are those cores which are simply 
laid on the pattern surface, requiring only a mini- 
mum of care. 

Slab-On-End are those cores which must be rubbed 
or filed to fit the contour of the pattern, and are 
placed on end in corners, etc., requiring consider- 
able care while positioning and filling the mold 
with sand. 

The values represent the time necessary for the op- 
erator or helper to secure them from immediately be- 
hind the machine, fitting them if necessary, return the 
file or rubbing stone when used, and their interference 
to the sand-in element. A constant value of 0.05 min- 
utes is allowed on the special and slab-on-surface type 
to compensate for getting the cores, and a constant of 
0.10 minutes on the slab-on-end type to compensate for 
getting the cores and replacing the file or rubbing 
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Fig. 24—Curve No. 13—Jab Vent 
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. 25—Curve No. 14—Downgates 
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Fig. 26—Curve No. 15—Ram-up Cores 


stone. The cores are brought from the core depart- 
ment by the finisher’s helper. This element carries a 
relaxation allowance of 15 per cent. Reading the 
values as indicated by the three curves on the chart, 
and adding the 15 per cent relaxation, the following 
table was calculated and arranged. 


Ram-Up Cores 





Number 2 3 5 6 





Slab on End of 0.90 1.06 
Special 0.61 0.72 
Slab on Surface 0.33 0.39 
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A study was made of this and a standard time of 10 
minutes per man allowed. Ten minutes multiplied by 
four men equals 40.0 minutes or 0.67 man hours. This 
amount is added to the standard hours earned by the 
group and computed in their daily performance and 
premium. 


ADD 20% RELAXATION 


X- CLASS NO 
O-,cL U 


100 Per Cent Coverage 

By having the tools necessary to set standards on all 
the jobs made, having a standard time for pattern 
changes, and a standard time for cleaning the work 
area, this unit is working on standard 100 per cent of 
their time. The only non-incentive time possible on 
this machine is for a machine breakdown, or for some 
unavoidable delay beyond the workers’ control. 


Arranging the Tables 


A B c 1?) 
SIZE 

Having completed all the curves, and having trans- 

posed the values from the curves into standard times 

allowed for given measurements within the range of 


work possible on this unit, the next step is to arrange 


Fig. 27—Curve No. 16—Loose Pieces 


Loose Pieces 
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The loose pieces, plotted in Fig. 27, are of two classes 
as indicated by the different symbols. 

Class I—Those loose pieces requiring handling 

time only. 

Class II—Those loose pieces which require peening 

or tucking to secure a sufficient ram. 

As the curves indicate, the difficulty encountered in 
handling and ramming is compensated for by classify- 
ing as size A, B, C, or D. The curve represents the 
time necessary to clean, position, ram or tuck when 
necessary, position and remove dowel pins, and to re- 
move the loose pieces from the mold. Both the opera- 
tor and the helper work together on this element. The 
number of loose pieces found for this unit were very 
few, therefore the values determined for this element 
must occasionally be checked for correctness. The ele- 
ment carries a relaxation allowance of 20 per cent. 
Reading the values as indicated by the two curves on 
the chart, and adding the 20 per cent relaxation, the 
following table was calculated and arranged. 


Loose PIECES 





these standard values into a convenient-to-use table 
form. The arrangement of the tables is a simple but 
an important part of the work, and is best accom- 
plished by separating the elements into common and 
miscellaneous elements as shown in Fig. 28. 

Common elements are those elements of work which 

are present in each and every drag, or each and every 

cope made. 

Miscellaneous elements are those elements of work 

which are present in only certain jobs. 

After the common and miscellaneous elements have 
been determined, the next step is to classify them ac- 
cording to the variables by which they are measured, 
which is also indicated in Fig. 28. 

In doing this, it is found that the elements “clean 
and dust pattern,” and “draw pattern,” are both de- 
pendent upon the variable of pattern classification. 
The element “draw pattern’’ is also dependent upon a 
second variable, “depth of draw.’ Because of the fact 
that the element “clean and dust pattern” does not 
have a second variable, plus the fact that they are both 


present in each and every mold, they may be combined 
into one standard allowance. This combination of ele- 


= 


Size A B Cc D 


Each 0.30 0.50 O71 0.91 
Each 0.44 0.77 1.09 1.40 
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Common Miscellaneous 








Clean and Dust Downgates — Risers 
” . . , q - 7 > “7 i 
While taking the studies on this unit, a study was ou jus. Brow Fensing Same 
Funnel Gate 


also made of the time necessary to change from one pat- Recision Fleck Cumbee 
tern to another. This is termed “Change-Over Time,” Sie Flask Nails 

and represents the time necessary to remove the pattern Strike Off pom Metal Upset 
bolts, remove the pattern, select and position the next Position Plate Wood Upset 
pattern and bolt it fast to the machine. It also repre- Jab Vent 
sents the time necessary for the finisher and helper to Peen Hand/Air 
get cores, etc., in readiness for the next job to be made. Ram-Up Cores 
For this work the group were allowed 3 minutes each, Loose Pieces 
or 3.0 minutes multiplied by four men equals 12.0 
minutes or 0.20 man-hours. 


Change Over Allowance 
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Roll Machine 

Remove Clamps 
Return Machine J 


Fig. 28—Classification of Elements 
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Clean-up Allowance 


The group working on this unit are responsible for 
cleaning their work area at the close of the work day. 
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Fig. 29—Sand-in for Drag or Cope 


ments is termed a “Factor,” and is put into table form 
under the factor title of “Pattern Value.” 

The elements of position flask, ram, strike-off, and 
position plate are all dependent upon the area of the 
flask used. Because the element of ram is greater for 
the copes, and the elements of strike-off and position 
plate are present on the drags only, it is necessary to 
calculate a separate standard allowance for the drags 
and copes. This combination of elements is put into 
table form under the factor heading of “Flask Value.” 

The elements of clamp, roll machine, remove clamps, 
and return machine are found to be present in every 
drag rammed. The values for these elements are com- 


bined and put into table form under the factor head- 
ing of “Machine Value.” By eliminating the value for 
the element “‘clamp,”’ which is not present when ram- 
ming copes, the “Machine Value’”’ for copes may easily 
be determined. 

All other elements of work having individual vari- 
ables, and the miscellaneous elements not present in 
every mold made, are listed as individual values on 
the tables. 

The tables are arranged as shown in Fig. 29, 30 and 
31 so that all factors and elements dependent upon the 
flask area, volume, or number required are grouped 


together in convenient form. It will also be noted that 
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Fig. 30 


the values in the tables are calculated to the nearest 
hundredth of a minute to simplify the setting of 
standards. 


Pre-check and Application 


As soon as the tables were developed sufficiently to 
make the setting of standards possible, a pre-check was 


made covering a two weeks period. Standards were 
determined for all jobs made, the group was observed, 
and their performance calculated daily. This pre-check 
proved that the standard data tables covered the range 
of work sufficiently, that the standards were consistent 
(one job with another), and that the performance of 
the group for the period checked was satisfactory. 
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Fig. 31 


After the pre-check was complete and the data proved 
workable, the group working on the unit, with their 
foreman, were given an explanation of the method 
about to be used. The group had been working with 
standards set by direct timestudy, so it was not neces- 
sary to sell them the incentive plan. The group asked 
many questions concerning the method, which was 
proof that they were interested and willing to accept a 
snethod which they felt would be better than the direct 





timestudy. After a few days of observing the group 
work, answering their questions and explaining why 
the standards on certain jobs were different from 
others, they accepted the standard data method whole- 
heartedly, and asked for all the previous standards, set 
by direct timestudy, to be refigured according to the 
tables. This was done, and although many of the old 
standards came out considerably lower, and others 
came up, they accepted them 100 per cent. They knew 
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that if they could make premium on one job, they 
could make premium on the next, and so on through- 
out the day. They had complete confidence in the 
standards and the standards department. When some- 
thing was added to or removed from the job, they 
knew it could and would be corrected for immediately. 
This feeling of confidence is present in every group 
working on standards determined by Standard Data. 
Factor Card 


In order to make use of the standard data tables, it 
was necessary to have some form on which to record 
the pattern characteristics and measurements, and to 
record the values for the various factors and elements 
of work. A factor card, Fig. 32 and 33, was designed to 
fit all the various molding units. All the information 
concerning the job, the measurements, and the stand- 
ard values for the drag are on one side, as shown in 
Fig. 33, with the same information for the cope on the 
reverse side as shown in Fig. 33. 

It will be noted that the pattern and specifications 
shown on the factor card in Fig. 32, are the same as 
shown on the actual timestudy in Fig. 1 and 2. It will 
also be noted that by adding the various relaxation 
allowances to the times allowed for the various ele- 
ments of work (values converted to 100 per cent or 
normal) the standard, if determined by direct time- 
study would be 2.71 minutes as compared to 2.78 min- 
utes when determined by standard data. This allows 
the workers 214 per cent more than they would have 
received by direct timestudy. This variation is less 
than the 5 per cent error in speed rating which time- 
study authorities regard as being sufficiently accurate. 

The standard values on the card are expressed in 
minutes. A total of all the values represents the total 
standard in minutes, which is calculated to the nearest 
tenth of a minute, converted to a man-hour standard 
for the group and entered on the master standard card. 
The factor card is then filed for any future reference. 
If a change of method is made on the job, a new factor 
card is made out and a new standard determined. A 
note explaining the change is attached to the original 
card and it is filed in an obsolete file for future refer- 
ence and as a record of the original standard. 


Write-up 


A complete write-up should be made when a stand- 
ard data set-up is ready for application, stating the 
location and conditions of all the equipment, the 
formula of the sand used, and a complete analysis of 
the methods employed. It should include an explana- 
tion of all the elements, the relaxation allowances, and 
any other facts pertaining to the group. Whenever any 
change is made in methods, equipment, sand, etc., it 
must be checked against the method in use when the 
tables were developed. It must be remembered that 
the standard data tables will remain workable only if 
the methods, equipment, etc., remain the same as when 
the studies were made. The standards department must 
keep abreast of the conditions and methods of the de- 
partment, and if any changes are made, correct the 
tables immediately. 

Any ambitious timestudy man, who will take the 


studies in the proper manner, who knows the prope 
methods which should be used, and who has the cap- 
acity to use his imagination and to visualize the re- 
sults, can develop good, workable standard data tables 
and sell them to the men in the plant. Then, with a 
standards department that will keep the tables in lin: 
with the conditions and methods in the plant, you will 
find a group of workers who will produce, because ‘they 
have complete confidence in the standards department. 


DISCUSSION 

Chairman: E. G. Terzcarr, Pelton Steel Casting Co., Mil- 
waukee 

Co-Chairman: J]. A. Westover, Westover Engineers, Milwau- 
kee 

M. E. ANNicH (Written Discussion): I would like to compli- 
ment Mr. Sell on the fine job he has done in preparation and 
presentation of his paper on “Developing Standard Data for 
a Four-Man Molding Unit.” I know there has been a tre- 
mendous amount of work behind it and I pay tribute to the 
thoroughness with which the job has been done. 

One of the first points I would like to emphasize is the 
necessity for getting all possible data on a job on all timestudies 
which may have any bearing on the time elements, even 
though at the time these may seem unimportant or irrelevant. 
I like the idea of having one side of the timestudy sheet set 
up for this purpose so the data cannot be overlooked. If such 
data as I speak of are not recorded with the timestudy, that 
study can only be used at the time it is taken, while these facts 
are fresh in someone’s mind. After that, the study must be 
relegated to the class of unuseable data, and is good only for 
cluttering up the files. Many a good timestudy has been wasted 
and has had to be taken over again because the pertinent 
data were not recorded with it. 

A second point that I would like to discuss is that of fatigue 
or relaxation allowances. Mr. Sell gives a table of fatigue 
allowances (Fig. 9) which are combined with the personal 
allowance (usually 5 per cent). There is no explanation of 
where these allowances come from, or how they were arrived 
at, which is not unusual, because there is no source available 
to give us any concrete information on the subject backed up 
by precise or scientific data. In other words, you cannot measure 
fatigue like you can measure time, so the only way we can get 
at the problem is to find out what the experience of each of 
us has been; what we have used, and. how adequately it has 
served us, then compile from the data a chart of the limits used 
for various phases of foundry operations and which values are 
most satisfactory. Only thus can we build up some fairly reli- 
able data on fatigue allowances, which can be applied with 
some degree of assurance. Then, through use, further refine- 
ments can be made, and thus, over a period of time, a trust- 
worthy set of data can be built up. 

A third point which I would like to emphasize is the 
absolute necessity of using standard data wherever possible. 
Mr. Sell emphasizes this point in his paper, but I do not think 
it can be over emphasized. Application of incentive can be 
made more consistent and have less problems once everyone 
concerned with the plan learns to depend on the adequacy of 
the standard data and its superiority over direct timestudy. 

Further, thought should be given in every incentive system 
to a method of incorporating into the standard data each time- 
study taken after the original installation, to either prove or 
disprove existing values, or to add values for elements not 
covered in the original data. There is too much tendency on 
the part of Standard people to sit back and say, “Well, that’s 
that,” and expect the same data to keep on measuring time 
values under continually changing conditions of operation. 

In these times of recession, when it is so necessary to cut 
costs, short-sighted management people may become critical of 
the Standard Department and the cost of its maintenance. We, 
in the Standards Departments, should look at our own methods 
to see if we are doing our job efficiently. We must eliminate 
all the jobs not entirely essential to our job of being effective. 
“Being effective,” of course, depends on just what we are getting 
accomplished. If we have carried our Standards to a logical 


1 Supt. of Standards, American Brake Shoe Co., Mahwah, N. J. 
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M. T. SELL 


conclusion we will be on a system of “Standard Costs’ which, 
right now, is highly important, both from an inventory control 
angle and from a sales angle. Therefore, the actual cost of 
maintaining a “Standard Cost” system should be recognized 
for what it is—and for the advantages it bestows—and should 
not be confused by management, with the cost of merely main- 
taining an “incentive system.” 

I would like to recommend, therefore, to all that you learn 
more about costs, because “Standards Costs” is a logical out- 
growth of a standards or incentive system. 

J. J. FARKAS (Written Discussion): The author is to be 
commended for his splendid paper. It is this writer’s opinion 
that Mr. Sell has contributed a paper sufficiently comprehensive 
to serve as a pattern for anyone desiring to develop standard 
data of his own. 

This writer concurs wholeheartedly with the author’s opin- 
ions regarding the advantages obtainable through development 
of standard data. Admittedly, the greatest weakness in the 
Science of Timestudy, and it must be conceded to be a science 
when due consideration is given to the narrow limits of accu- 
racy within which the Timestudy Engineer must work, is that 
phase dealing with performance levelling. Since performance 
levelling is a direct function of ihe Timestudy Engineer’s judg- 
ment, and since said judgment can and will vary from man to 
man, it is readily apparent that a considerable probable error is 
bound to result in direct timestudy rates. However, when a great 
number of operations are resolved into their various elements 
and these elements analyzed together, the probable error is re- 
duced to the point where it becomes negligible. This resolution 
of an operation into its elements and assignment of common de- 
nominators to them is the scientific approach to the develop- 
ment of standard data. 

As Mr. Sell notes, complete standard coverage would be im- 
possible to achieve without some practical method of setting 
rates rapidly and accurately from standard data. In our own 
foundry, for example, we could not maintain our average of 
95 per cent standard coverage over the entire foundry. Some 
appreciation of our task can be realized when you consider that 
we normally set rates on from 25 to 30 new patterns daily. 
These patterns range in size from simple small squeezer pat- 
terns to large pit patterns having at times from 50 to 60 large 
core boxes. Consideration must also be given to the fact that 
we set rates for each individual operation as, mold ram, mold 
finish, load and unload ovens, core ram, core finish, core assem- 
bly, mold assembly, iron pouring, mold shakeout, core knock- 
out, grit blast, casting chipping, grinding, and painting. These 
rates are all set from the pattern equipment and parts draw- 
ings before the patterfs leave the pattern shop. 

Since development of standard data implies an intimate 
knowledge of fundamental time values, it follows necessarily 
that a thorough methods analysis must precede the final de- 
velopment of standard data. Obviously this must result in cost 
reducing standardization of methods and practices. And since 
all timestudy men agree that the best method is never quite 
achieved, this knowledge of fundamental time values is an in- 
valuable tool in the never ending search for cost reducing meth- 
ods, equipment, and plant layout. 

It is this writer’s opinion that not too much, if any, excep- 
tion can be taken with the author’s method of developing and 
interpreting his standard data. However, depending on indi- 
vidual needs, there must and will be some deviation from the 
author's rate setting tables. For example, in our own machine 
molding division, comparable to that of the author’s, because of 
standardization of flasks, rigging, etc., we are able to simplify 
our molding rate tables to a greater extent than his. On the 
other hand, whereas, Mr. Sell was able to balance out his crew 
assignment and therefore base his entire units standard on 
molding time, our experience is that we have too great a 
variable between molding, mold finishing, and mold assembly. 
Therefore we have found it necessary to establish rate tables for 
these operations as well. 

I sincerely hope that the author’s excellent paper will en- 
courage more foundrymen to adopt development of standard 
data as a means of establishing incentive rates. 

Mr. SELL (Author’s reply to Mr. Farkas): First of all, I want 
to thank Mr. Farkas for his compliments and for expressing his 
favorable opinion of the paper. As Mr. Farkas states, it would 
be impossible to realize this high average of coverage without 
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standard data tables. 

The author fully agrees with Mr. Farkas concerning the sim- 
plification of tables, and setting separate standards for the mold 
finishing and mold assembly operations. This procedure of course 
depends entirely upon the rigging, the unit layout and whether 
management desires to rearrange the work space, methods etc. or 
not. The Standards Department can suggest the proper layout 
for a certain unit, but many times we find managément would 
rather go along with their present layout. When this is the case, 
the standards must be made to fit the conditions. 

The breakdown of the operations, grouping of the workers 
etc., must be applicable to the conditions under which the men 
must work, therefore I believe we can fully realize that as each 
foundry employs different methods, so must the rate setting pro- 
cedure differ accordingly. 

W. E. Grorce (Written Discussion).* But rarely in the annals 
of the foundry industry would we find as able a presentation on 
work standards pre-set from standard data as Mr. Sell has given 
us in his splendid paper. While he narrows his treatise down to 
describing a specific situation and to covering the necessary 
steps for completing the assembly, preparation, and application 
of pertinent elemental data, the author points the way for 
foundry staff engineers to develop plant-wide applications in 
parallel fashion. 

Good standards are the heart and core of any lasting incentive 
system. Gone is the day when a worker group will accept a 
series of homemade piece rates without sooner or later protest- 
ing the tight rates. When this happens, it is inevitable but that 
the margin of incentive opportunity grows progressively looser 
from month to month. By refusing to expose the easy rates, 
the worker moves at a pace calculated to produce a satisfactory 
premium earning and no more. 

There is no ready answer to the establishing of uniform and 
consistent standards but by the use of standard data. There is 
no other economical way, either, to effect 100 per cent coverage. 
Cost accounting standards, estimates for pricing, standards for 
production scheduling, all may be derived from standard data, 
too, as the author so concisely points out. 

While the paper gives complete data and tables covering a 
specific case study in a particular plant, the actual data offered 
should serve as a pattern but not as a source for other foun- 
dries who want to use standard data. Data presented is related 
to a given set of conditions of equipment, facilities, layout, sand 
supply, character of work, metal poured, and effort involved and 
these items would not be precisely duplicated anywhere else. 
Any attempt to lift data or information of this sort from one 
plant to use in another is doomed to failure. 

Instead of trying to apply the data offered, all foundry oper- 
ators and timestudy engineers alike can profit more from a care- 
ful reading or re-reading of the underlying principles expressed 
in this paper. It is to be best used solely as a guide or inspira- 
tion for the foundry embarking on a similar program. 

The plant-wide completion of standard data to cover all direct 
operations will involve months or years of strong engineering 
work. Essentially, it is a job that can best be accomplished from 
within. However, the developing of standard data is no job for 
an amateur and the use of outside counsel in starting a new 
program is advisable. 

Important at the time the inaugural steps are being contem- 
plated are considerations over the form of the incentive plan 
to be used. There are definite advantages to replacing a faulty 
piece rate plan with one based on standard time. The transi- 
tion is not too difficult but can only transpire when management 
and workers alike agree together to accept the new plan. In fine 
fashion, therefore, Mr. Sell emphasizes, and repeatedly points to, 
the importance of securing the understanding and the confidence 
of the workers in the new program. 

Mr. SELL (Reply to Mr. George): 1 should first of all, like 
to thank Mr. George for his comments regarding the paper. 

The author is in full agreement with Mr. George's statement 
concerning the need for standard data in preventing a general, 
but sure, evolution to loose standards. No set of tables, regard- 
less of how well they are accepted and serve their purpose, 
should be used for other plants, or other operations within the 
plant. The purpose of this paper is to present a general pat- 
tern or outline which others may follow in developing standard 
data tables for similar molding units. 


3 Account Manager, Booz, Allen & Hamilton, Chicago 
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H. W. Arenpes:* How consistent are your standards estab- 
lished by using standard data? You might express them as a 
percentage of the loose one to the tight one. In other words, is 
your loosest standard 5, 6 or 10 per cent easier than the tightest 
standard? -There is bound to be divergence in using standard 
data. What is the divergence in the use of standard data? 

Mr. SELL: You will find a slight variance in the looseness or 
tightness of the standards occasionally. By far the majority of 
these standards will come out consistent. You could lay 20 pat- 
terns on the floor and account for the difference in time in each 
one of them. 

The main cause for any looseness or tightness is the inherent 
delay which may creep in from one pattern to another. That is, 
if there is not quite enough work for both men in one particular 
job, and the one man sees fit to assume some duties of the other, 
then that standard may appear a bit on the loose side. However, 
in order for it to be loose, one of those men has stepped in and 
performed duties beyond his requirements. I would say that the 
standards are very close to being consistent with one another, and 
that you can always account for any variance in the standard. 

Co-CHAIRMAN WESTOVER: Standard data which is adequate for 
the particular set-up will give application results which are 
within the limits of plus or minus 5 per cent. In other words, 
if you have the different elements of the operation measured 
right and the job specification form permits an adequate analysis 
of the job, these limits are reasonable and will be attained. 

I would like to comment on the following paragraph which 
appears on page 290: 


“The studies for this unit were taken, and the stand- 
ards determined by the ramming operation only. The 
operator and his helper, therefore, set the pace for the 
group. The finisher and his helper must take advantage 
of easier and simpler jobs to get and prepare cores, and 
do their necessary work for the more complicated ones 
to follow.***” 


It possibly should be pointed out that there are some shops 
with similar units which have placed on them types of work 
where the standard would have to be set on the measure of the 
work done by the finisher and his helper, as this would be the 
work that would govern the production of the unit instead of 
the work done by the molder and his helper. However, even in 
this case the same principles of building the standard data and 
the application of it would be followed, so that as the paper 
itself is intended to cover fundamentals only, it therefore even 
covers this, since this is only a detail. 

Some may question that this set-up would apply to your work 
because some of your work just could not be measured by the 
molding time. Keep in mind, though, that the same principles 
can be followed, but you may have to set up your standard data 
to cover your core-setting work, or you may even have, for in- 
stance, two machines, with two groups of men, that is, a cope 
machine and a drag machine with a molder and a helper on 
each. In this case your standard may be determined from 
either the cope or the drag machine, with the other machine 
being given inherent delay to bring it up to the same allowance, 
so there are those variations that have to be taken into con- 
sideration for the particular shop and the particular type of 
work. This is one of the reasons why standard data that will 
work in one shop will not work in another. ; 

Mr. FarKAs: In a similar set-up where our average molding 
time is about 714 min, our average finishing time is about 4 min, 
and our core-up time is about 3.8 min. As a result we must set 
individual rates for each one of the operations and vary our 
crew assignments accordingly. I should like to comment on the 
paragraph Mr. Westover quoted from the paper. 

One of the advantages claimed for standard data is the fact 
that it is most helpful in the establishment of standard costs. In 
the author’s case, his standard costs for this operation would be 
measured solely as a function of mold ramming costs, since his 
standard data is based on ramming time only. By so doing, he 
would overcharge on the simple jobs, requiring very little or no 
finishing and coring up, and undercharge on the more complex 
jobs. This is my only criticism of the author's set up, as far as 
using the data he has evolved for standard costing. 

CHAIRMAN TETZLAFF: Do you mean that the helper who may 


*Timestudy Dept., American Steel Foundries, East St. Louis, Ill. 








not have the maximum time is paid day work for the balance 
of his time? 

Mr. FARKAS: Not at all. Mr. Sell said that he rams up a job 
in 314 min; 4 x 314 min is 14 man-min on a given job. Actually 
if each individual operation was measured, the job may be 
worth 1114 min. The man that comes in with a job worth 16 
man-min and gets it for 14 is getting 3 man-min that was 
charged to the 11l-min job. 

CHAIRMAN TETZLAFF: We have in our plant a 2-man opera- 
tion where we have to divide occasionally the work between the 
two men. Work that might at times be done by the cope man 
will be given to the drag man inasmuch as he has less time 
required on his particular operations. If that is not entirely 
possible we determine the inherent delay time which we call 
process idle time, and allow the men 75 per cent of that amount. 
We feel that giving them 100 per cent would loosen the stand- 
ard because the man with the least work usually finds time to 
help the other man do some particular operation during that 
process idle time. 

Standard data has many more uses, and those uses are actu- 
ally now becoming more important than the use for the estab- 
lishment of wage incentives. Those uses are 1) cost reduction 
and cost analyses, 2) methods of improvement and methods 
standardization, $) production planning and scheduling, and 4) 
labor requirement determinations. 

I would like to emphasize especially the matter of cost deter- 
mination and cost analyses. We would like to sell every firm on 
just that “use’”—on determining costs by using standard data. 
We feel it provides an accurate method. We are not worried 
about our competitors who use this method to determine costs 
and quote accordingly. We are worried about the competitor 
who does not have that data and who will quote prices at a 
figure below his cost. 

C. W. McCuLLoucH:® Approximately how long did it take 
you to set standards on this particular unit and how many men 
did you use? Also, how long does it take a man to set a 
standard using your data sheets? 

Mr. SELL: We took these studies, approximately 100 of them, 
over a period of about 3 months. Understand, we already had 
standards on this unit set by direct timestudy so that their stand- 
ard coverage was around 60 or 70 per cent. Some days it was 
less, some days more, and we were not too interested in doing a 
speedy job on it. We took our time in taking the studies. 

As to the development of the tables, the charts were, after the 
first 10 or 15 studies, developed as the studies were taken. After 
the studies were all taken and the curves drawn on the charts, 
I would say that it took approximately 3 or 4 days of one man’s 
time to develop the tables, i.e., arrange them and have them 
developed ready for use. 

As to the time required for us to set a standard, that again 
will vary according to different plant procedures. In our 
particular plant, we make it a point that the immediate fore- 
man is with the factor man or rate setter when he measures the 
job. We have set aside a certain portion of each day that the 
foremen shall make themselves available to our factor man if 
he should need him, from the time he leaves the office until he 
goes into the plant, measures the job, comes back to the office 
and has it complete. This should take him no more than 15 
min maximum. If he has two or three jobs he can do all three 
in 15 or 20 min, where it would ordinarily take 2 to 3 hr or 
longer for a direct timestudy. 

Mr. McCuLLouGH: You stated that if you had no previous 
studies, you would have taken 100 studies to set the standards. 
Do you mean 100 molds or 100 studies of several molds each? 

Mr. SELL: I mean 100 studies of several molds or cycles each. 
Our aim is to take at least 10 cycles on each particular pattern 
or mold. On the one I showed you, we took only six. Evidently 
that was all the molds there were to make on that particular 
run, or for some reason the timestudy man did not get the 10 
cycles. I do not say studies on 100 different molds are necessary, 
but I do believe that the more studies you take and the more 
variables you encounter, such as the different flask sizes, and the 
different types of work, the better set of tables you are going to 
have. If we were to start from the beginning, with no standards 
on any of the jobs, two men could have easily had those standard 
data tables ready to use in approximately 3 weeks time. 


5 American Steel Foundries, Granite City, Ill. . 
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Sand Casting Committee, 


Aluminum and Magnesium Division 


ABSTRACT 


This paper discusses the fluxing of aluminum alloys which is 
broken down into two classes: 

1. Removal of oxides, and 

2. Degassing 

The materials used for each of these are discussed in regard 
to their relative merits. Precautions to be observed are also 
discussed. 


A. Oxide Removal 
ONE FUNCTION OF FLUXING is the removal of 
solid impurities from a molten aluminum bath. 

Aluminum oxide may be present in molten alumi- 
num alloys in two different manners: (1) That which 
separates and accumulates on the molten aluminum 
surface, and consists of more or less continuous films of 
varying dimensions. Since it is to some extent com- 
bined with metal, it is known as wet dross. (2) Oxide 
which is occluded in the metal and is present as a 
rather fine dispersion. Fluxing is used on .the first 
type of oxide to separate as much aluminum as pos- 
sible so that the metal enters the bath again, and the 
dross floats in dry form on top of the bath. 

The purpose of fluxing in connection with the sec- 
ond type of oxide is to accelerate its separation from 
dispersion in the metal and to assist accumulation of 
oxide on the surface of the melt. The finely dispersed 
oxide is difficult to eliminate from the melt. It may be 
relatively harmless unless it is present in large quanti- 
ties, in which case it tends to make the alloy sluggish. 
However, aluminum oxide films can be detrimental 
in castings because they represent more or less con- 
tinuous surfaces of weakness within the solidified alloy. 

Treatment of the molten aluminum alloy may be 
performed with fluxes which are liquid or gaseous at 
the temperature of operation, and which either react 
with aluminum oxide chemically or mechanically to 
cause separation of the aluminum oxide from the 
liquid aluminum. Usually the occluded oxide will 
not separate and float to the top of the molten alloy 
readily unless treated with a gaseous type of flux. 

If the wet dross is heated at a high enough tempera- 
ture for a long enough time, the separation into molten 
alloy and dry dross, which will collect at the surface 
of the melt, is relatively easier. This method of separa- 
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tion by use of high temperatures, however, is undesir- 
able from a practical point of view, so the following 
fluxes are frequently used: . 

1. Chlorine or nitrogen gas. 

2. Mixtures of sodium or potassium chloride and 
cryolite. 

3. Aluminum chloride. 

4. Other volatile chlorides of metallic salts, such as 
zinc chloride. 

In practice chlorine or nitrogen fluxing is performed 
by introducing the dry gas into the metal by means of 
a refractory tube. The time of the operation will de- 
pend upon rate of flow as well as the amount of metal 
being treated. Usually the gas is allowed to enter the 
bath at a rate that will just cause a gentle rolling mo- 
tion of the metal, but which will not boil or break the 
surface. A few test samples poured after various flux- 
ing times will give a good idea of the proper time for 
various amounts of metal. Chlorination areas should 
be well ventilated. To be sure that action reaches all 
portions of the melt when using gas flux, the degassing 
tube must rest in the center of the heat and not hang 
close to one side. It should extend to within 2 in. of 
the bottom of the pot. Stationary fixtures can be ar- 
ranged at each furnace, or the entire assembly con- 
sisting of gas, meters, and tube can be mounted on a 
two wheel truck and used as a mobile unit to cover a 
great many pots or furnaces. 

The tubes used to transfer the gas to the molten 
metal are usually about 14 to | in. in diameter, and 
either open at the bottom, or plugged at the lower end 
and holes drilled around the sides for a distance of sev- 
eral inches from the bottom. The perforated type seem 
to give more uniform distribution but tend to plug with 
metal rapidly. To help prevent this the fluxing gas 
must be turned on just before immersing the tube and 
kept on until the tube is withdrawn from the molten 
metal. These tubes may pick up moisture after stand- 
ing without use, particularly overnight, and it is wise 
to dry them before placing them in the molten metal. 

After fluxing the metal should be thoroughiy 
skimmed. 

When chlorine gas is used, some of it will chemically 
react with the aluminum to produce aluminum chlor- 
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ide, which is also in gaseous form, and which will 
further contribute to the fluxing effect of separating 
the aluminum oxide from the melt. Chlorine is used 
principally for the alloys containing high magnesium 
content. During chlorination some of the magnesium 
in the aluminum is lost in the form of magnesium 
chloride. The amount of magnesium lost should be 
established for each particular alloy so that proper ad- 
dition can be made if necessary. The amount of mag- 
nesium which can be removed by fluxing is indicated 
by the fact that in aluminum refining the magnesium 
may be reduced to a value as low as 0.05 per cent. 

Chlorine should never be used with aluminum al- 
loys which are modified with sodium, since the chlor- 
ine gas will effectively reduce the sodium content and 
destroy the modification effect. In the case of such 
modified silicon alloys, mixtures containing sodium 
chloride and potassium chloride, or cryolite, can be 
successfully used, since these fluxes actually tend to 
increase the sodium content of the melt. 

Although sodium-silico-fluoride has been extensively 
used as a flux, it has several objections which do not 
recommend it for use today. It reacts with the alumi- 
num exothermically. The reaction is more intense as 
the amount of sodium-silico-fluoride increases in the 
flux. This tends to put some silicon into the aluminum 
alloy by the decomposition of the flux. For this reason 
this flux should not be used with aluminum alloys con- 
taining large amounts of magnesium, since in such 
alloys the silicon content should be kept very low. 
Furthermore, this flux tends to give off toxic fumes, 
which are objectionable from the health standpoint. 

Aluminum alloys high in magnesium, such as the 
10 per cent magnesium type, should never be fluxed 
with sodium containing fluxes, since these will tend to 
put some sodium into the melt. The presence of so- 
dium in such alloys is detrimental to the mechanical 
properties. 

Various proprietary fluxes are being used in large 
quantities for special purposes. Some of these will in- 
troduce titanium or boron into the melt for the pur- 
pose of grain refinement. The use of titanium or boron 
containing fluxes to refine the grain is often desirable 
because the presence of small amounts of aluminum 
oxide in finely dispersed form does actually refine the 
grain size, and when these particles are removed by 
fluxing, the grain size tends to coarsen unless grain 
refining elements are present. 

Some salt type fluxes are also used in the foundry to 
cover scrap during melt down to prevent oxidation 
due to the large surface area of the scrap. 


B. Gas Removal 


Degassing is used herein to designate the removal of 
gaseous impurities from a molten metal bath, which 
also constitutes a fluxing operation. 

The gas which is most likely to cause trouble in 
aluminum alloys is hydrogen. As the temperature of 
aluminum increases, its solubility for hydrogen in- 
creases. If large amounts of hydrogen are absorbed by 
the molten alloy, a great percentage of the gas will 
precipitate during the cooling of the alloy while it is 
still in the liquid state. This results in the formation 
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of small gas bubbles. If tnese gas bubbles cannot es- 
cape from the melt before solidification takes place, 
then the metal will solidify around them and will con- 
tain spherical or round-shaped holes known as pinhole 
or gas porosity. 

Sometimes, however, the gas porosity will assume an 
appearance very similar to shrinkage porosity, except 
that it is much finer, but it may be difficult to dis- 
tinguish between the two. This type of gas porosity is 
often called microporosity. Recent work has shown 
that the shape of the gas void is controlled by the 
solidification characteristics of the various alloys, rate 
of solidification, and grain size. However, if the inter- 
dendritic porosity is caused by hydrogen, it can be 
remedied by reducing the gas content of the melt. 

Although some degassing can be accomplished by 
use of salt fluxes, it is usually found that the gas type 
fluxes such as chlorine, nitrogen, and boron trichloride 
are much more effective as degassing agents. The usual 
method of degassing is to bubble through the molten 
aluminum alloy dry and oxygen-free nitrogen, chlor- 
ine, or boron trichloride with the metal at 1250 to 
1350 F. Rate of flow is similar to that described under 
oxide removal. 

The effect of bubbling nitrogen through the melt is 
to produce bubbles of gas, in intimate contact with 
the hydrogen containing melt, which are themselves 
free from hydrogen or which have a very low partial 
pressure of hydrogen. Under such circumstances the 
hydrogen will tend to diffuse from the melt into the 
bubbles. The bubbles arise and discharge the hydrogen 
content into the atmosphere. The bubbling also causes 
some stirring in the melt, thereby causing various parts 
of the melt to come into contact with the outside at- 
mosphere and discharge the hydrogen content direct 
through the surface of the melt. However, it is prob- 
able that the effectiveness of this procedure is mainly 
a result of the diffusion of hydrogen into the bubbles. 

If chlorine gas is used instead of nitrogen, the effect 
is very similar except that chlorine may react chemi- 
cally with the oxide in the bath, attacking it to release 
the hydrogen trapped in it, thereby increasing the ef- 
ficiency of the degassing process. Since the use of nitro- 
gen is much more convenient from the practical point 
of view, most foundries prefer to use nitrogen for de- 
gassing. The use of chlorine is generally limited to 
magnesium containing alloys where the simultaneous 
chemical effect referred to above is of importance. 

Since it is sometimes desirable to combine grain re- 
fining with degassing, boron trichloride or some simi- 
lar gas containing chlorides of titanium or boron is 
often used. Such gases degas and refine the grain. 

Of course, it goes without saying that one of the 
most important methods of reducing gas porosity 
troubles in the foundry consists of preventing the melt 
from becoming gassy in the first place. The major 
source of hydrogen gas in aluminum alloys is water 
vapor. If water vapor comes in contact with molten 
aluminum alloy, it will immediately react to form hy- 
drogen and aluminum oxide. This nascent or monato- 
mic hydrogen is readily absorbed by the molten metal. 
Molten aluminum will absorb nascent hydrogen much 
more rapidly than molecular hydrogen, so it is with 
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the nascent or monatomic hydrogen that foundry prob- 
lems are generally associated. Very little hydrogen is 
soluble in solid aluminum; however, as the aluminum 
melts the solubility increases rapidly with increase in 
molten metal temperature. This serves to emphasize 
the importance of keeping the temperature of the melt 
as low as possible to minimize hydrogen absorption. 

However, the absorption of hydrogen from water 
vapor can be large even at low melting temperatures. 
A large part of the moisture encountered under prac- 
tical foundry conditions comes from the atmosphere 
and increases as the humidity increases. Some moisture 
is introduced into the melt with ingots and scrap, 
particularly if this material has been stored in the 
weather. Aluminum stored in that manner will oxi- 
dize and adsorb large amounts of moisture on its sur- 
face. If the metal cannot be stored out of the weather, 
then it should be scrupulously dried before melting by 
heating it for a few minutes at 900 F. It is also ad- 
visable to dry anodized metal before melting it. 

Some moisture actually may be introduced by the 
fluxing salts used. Several of these salts are very hygro- 
scopic and will readily absorb moisture from the air. 
It is, therefore, of particular importance to keep such 
flux in tightly closed containers to avoid contact with 
the moisture in the air. 

Moisture may be adsorbed also at the surface or in 
the pores of new crucibles, and at the surface of cold 
and particularly of rusty pots. Rusty iron tools such as 
skimmers also serve as a source of moisture. Hydrogen 
containing materials such as oils, greases, or other 
hydrocarbons may contaminate the scrap and cause gas 
porosity troubles. 

Some hydrogen also comes from the products of 
combustion of gas or oil-fired furnaces. It is advisable 
not to melt aluminum, for pouring castings, in fur- 
naces where the products of combustion come into con- 
tact with the metal. 

Induction melting helps to eliminate the hydrogen 
which might come from fuel oil or heating gas normal- 
ly used for melting. 


Committee Personnel 


Members of the Sand Casting Committee, Alumi- 
num and Magnesium Division are as follows: 
Hiram Brown, Chairman 


Howard J. Rowe 
Oldrich Tichy 
Howard R. Youngkrantz 


DISCUSSION 


Chairman: R. A. Quant, Federated Metals Div., American 
Smelting & Refining Co., Perth Amboy, N. J. 

Co-Chairman: A. J. JurorF, Bendix Products Div., Bendix 
Aviation Corp., South Bend, Ind. 

Memser: What flux other than zinc chloride is more satis- 
factory for fluxing aluminum? 

Mr. Brown: Zinc chloride may be undesirable as a flux. If 
you have any alloys you cannot tolerate zinc. Usually sodium or 
potassium chloride or actually blowing chlorine into the smelt- 
ing furnace through tubes would be better. If you have mag- 
nesium in the molten aluminum, chlorine will take it out down 
to below 0.05 per cent. 

CHAIRMAN QuapT: The main objection some people have to 
zinc chloride is the hygroscopic nature of the salt. There have 
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been several cases that have come to my attention where men 
have been rather severely burned because some of the salt was 
inadvisedly plunged in the fluxing operation. 

There is so much material covered in this report that it had 
to be superficial in order to make the length of the report rea- 
sonable. The manner in which the plunging salt fluxes were 
glossed over with reference to their degassing characteristics is 
an important point. From the chemistry involved, degassing can 
only occur as long as there is a hydrogen-free bubble present 
into which hydrogen can diffuse. Obviously then since some of 
these plunging fluxes react so rapidly that the entire reaction is 
completed within a relatively few seconds, there cannot be much 
time for diffusion to occur. Hydrogen-free gases are, of course, 
extremely useful in removing hydrogen providing enough of the 
host gas is formed in the operation. The application normally 
employed in the foundry will have very little effect in removing 
gas from a melt. 

A. J. JurorF:' To those people who are unacquainted with 
the use of chlorine and who are contemplating some trial uses 
of chlorine, I would like to add a word of caution. Chlorine can 
be handled quite safely if the proper precautions are used. How- 
ever, it is necessary to make a rather thorough analysis of your 
materials and practice before you start. 

I might suggest a few things you can look into. Chlorine 
reacts with hot steel exothermically and very violently. None of 
your duct or pipe work or tubing should be steel if it is going 
to be subjected to high temperatures. In case you need flexible 
tubing, neoprene-lined tubing is by far superior to ordinary 
rubber. Ordinary rubber will chlorinate and become brittle. 

I might suggest also the use of oil-pumped rather than water- 
pumped nitrogen, if you are contemplating the use of nitrogen 
as a degassing material. The amount of water vapor in water- 
pumped nitrogen is small but it can be harmful. There are 
other minor details that it is necessary to look into rather 
closely if you wish to avoid any difficulty especially with chlorine. 
I would recommend strongly that you get the manufacturer’s in- 
formation on the proper handling of chlorine before you intro- 
duce it in your plants. 

T. C. Jesrer*: Do you have information on the effect of 
fluxes, such as chlorine gas, on pot lining? Mention was made of 
the adverse effect of chlorine on hot steel and steel pots. Is there 
any decrease in the length of life of graphite crucibles or steel 
pots as a result of the use of a flux which is plunged into the 
melt and which liberates chlorine gas? 

Mr. Brown: I have seen a lot of chlorine degassing. I do 
not believe if you keep the pot sufficiently coated there is going 
to be a great deal of trouble from that point. If you are gassing 
that metal and notice peculiar white-colored fumes coming off, 
then it is time to stop the chlorination. I do not believe it 
cuts down pot life tremendously. 

MEMBER: Our experience is not with aluminum, but in 
using sodium chloride with brass and bronze in graphite cru- 
cibles. We find that sodium chloride pits those graphite cruci- 
bles quite severely, so much so as to make us think twice before 
continuing its use. 

Mr. Brown: I have noticed in brass and bronze foundries 
where melting is done in crucibles, the melter throws a quantity 
of flux frequently to the bottom of the pot and load the metal 
in it and then puts more flux on top of the metal when molten. 
This is not exactly good practice and even though you get it 
only on the top and stir it around, you are going to attack the 
wall of the crucibles or pots. 

If you are going to use gases such as chlorine and nitrogen 
for degassing, you should be very careful to see that you have 
dry gas. If there happens to be any water vapor of any kind in 
the container where those gases are, it will be hazardous. An 
incident has come to my attention where a foundry was using 
nitrogen for degassing with poor results. In discussing the prob- 
lem with the supplier of the nitrogen the question was asked 
whether they were drying the containers in which they were 
shipping their nitrogen. They were not, so actually vapor was 
being trapped in the cylinder. A safe way to avoid this is 
always to leave a little bit of nitrogen in the cylinder so it 
will expand and fill up the cylinder and it will not have a 
chance to suck the air in when the valve is open. When air goes 
in, moisture is going with it. 





1 Foundry Metallurgist, Bendix Products Div., South Bend, Ind. 
2 Metallurgist, Darling Valve & Mfg. Co., Williamsport, Pa. 
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A FOUNDRYMAN’S TOOL 


By 


Victor Paschkis* 


THE ENTIRE WORK OF A FOUNDRY is based on 
heat. The foundryman uses the words heat and tem- 
perature continuously, and yet he stops only rarely to 
consider the basic relationships. In fact, because heat 
is so intangible, most foundrymen seem to avoid syste- 
matically studying heat problems. This is unfortunate, 
because successful foundry practice is possible only 
if one is able to control successfully the heat processes. 

In the first part of this paper the elements of heat 
flow are presented in simple and readily understand- 
able terms. In the second part, foundry practice will 
be looked at from the thermal viewpoint. In the third 
part the electric analogy method is briefly explained. 


Elements of Heat Flow 


Temperature and Heat Content—In every-day lan- 
guage these two terms are too often confused with 
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Fig. 1 — Heat content at different temperature levels. 








each other. It is essential to distinguish between them. 

Temperature is an expression for a level and is 
meaningful only if compared with a reference point. 
This reference point in the case of the centigrade scale 
is the melting point of ice. In the case of the Fahren- 
heit scale it is an arbitrary point 32 degrees below the 
melting point of ice. Finally, from physical considera- 
tions the concept has been established of an “absolute 
zero,” which lies at —460 F. 

The various temperature scales do not concern us 
here, but it is important to remember that there always 
must be a reference point for the temperature. 

Figure | illustrates two containers of equal size “full 
of heat”—but they are at different levels, i. e. at differ- 
ent temperatures. In Fig. 2 again two different tem- 


* Technical Director, Heat and Mass Flow Analyzer Labora- 
tory, Columbia University, New York. 
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perature levels are shown, but on each level there are 
two containers of different size, indicating different 
heat content. This different heat content can, e. g., be 
caused by different weights: 1 lb of steel heated to a 
certain temperature has half the heat content as com- 
pared to a second piece, heated to the same tempera- 
ture but weighing 2 Ib. 

The heat content is measured in “Btu” which is the 
abbreviation for “British Thermal Unit.” One Btu is 
the quantity of heat required to raise the temperature 
of 1 lb of water one degree F (or, precisely from 32 F 
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Fig. 2—Heat content in different size containers. 
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Fig. 3 — Graphic definition of British Thermal Unit. 





to 33 F). Figure 3 is a graphic presentation of the 
definition of the Btu. 

In the metric system the heat content is measured 
in calories. We must remember that heat is one form 
of energy, and therefore it would also be possible to 
express heat quantities in watt-hours or in foot-pounds. 
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Specific Heat—Suppose in Fig. 3, water is sup- 
planted by a different material; this material is such 
that less heat is needed to raise the temperature one 
degree. This is indicated in Fig. 4 by showing one half 
of “Mr. Btu,” for a material with a specific heat of 0.5. 

The specific heat of a material indicates how many 
Btu are required to raise the temperature of | Ib of a 
substance one degree F. 

The specific heat of water is one; that of all other 
substances is less than one. The specific heat of iron 
or steel is in the order of magnitude of 0.11 Btu/lb,F 
at room temperature and approximately 0.15 near the 
melting point. 

Rate of Heat Flow—The term “Rate of Heat Flow” 
is almost self-explanatory. It indicates how many Btu 
flow through a given system per hour. Figure 5 again 
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Fig. 4 — Specific heat defined graphically. 
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Fig. 5 — Graphic definition of rate of heat flow. 





illustrates the definition graphically, reminding at the 
same time that heat flow can occur only under the in- 
fluence of a temperature difference, hence the differ- 
ence in level between the left and the right tank. 

Frequently it is convenient to refer the rate of heat 
flow to the area; e. g., one may ask “how many Btu per 
hour and per square foot are transferred through the 
surface of a casting into the mold?” This rate will ob- 
viously vary with time, but it is a good example of the 
significance of the term “rate of heat flow.” 

Thermal Conductivity—Thermal conductivity is a 
measure of the insulating property of a material. High 
thermal conductivity (metals) means that the material 
is a poor insulator. 
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The conductivity is expressed in Btu/sq ft, hr,F per 
ft, or more concisely by Btu /ft,hr,F. 

It indicates what the rate of heat flow (Btu/hr) is 
across a thermal barrier with | sq ft of cross-section and 
1 ft thickness, if the temperature difference across the 
barrier is 1 degree. 

This rather cumbersome definition can be illustrated 
by Fig. 6. The tube of the funnel (on the left) has a 
cross-section of 1 sq ft and a length of 1 ft. If a rate of 
heat flow of 1 Btu/hr results under the influence of a 
temperature difference (at the ends of the tube) of 
(a = 1/k) degrees Fahrenheit, then we say the tube 
(illustrating the thermal resistance) has a conductiv- 
ity k. 

If (right part of Fig. 6) the cross-section of the fun- 
nel is reduced to 14 sq ft and the conductivity, k, re- 
mains unchanged, then we must apply twice the tem- 
perature difference (b — 2a == 2/k) in order to obtain 
the same rate of heat flow (1 Btu/hr). Similarly, if we 
restore the old cross-section, 1 sq ft, but double the 
length we would require again twice the initial tem- 
perature difference 2a — b = 2/k to obtain the same 
rate of heat flow. 

With the original set up (1 sq ft cross-section, 1 ft 
length, conductivity k), we would need 3a == 3/k de- 
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Fig. 6 — Graph illustrating thermal conductivity. 





grees temperature difference to obtain a rate of heat 
flow of 3 Btu/hr. 

Conductivity can also be so explained, that if a rate 
of heat flow of 1 Btu/hr results in a body of | sq ft 
cross-section, 1 ft long under the influence of one de- 
gree temperature difference, then the body has a 
conductivity equal to one. If under this temperature 
difference a rate of heat flow of k Btu/hr obtain, then 
the conductivity is k. And if the temperature differ- 
ence then is made t, instead of one degree, the rate of 
heat flow will be t-k. 

The thermal conductivity of steel is in the order of 
magnitude of 25 Btu/ft,hr,F, that of sand in the order 
of magnitude 0.4 Btu/ft,hr,F. 

Heat of Solidification—The last concept of heat 
flow with which the foundryman has to deal is that of 
heat of solidification (or heat of fusion). Talking 
first of pure metals, as heat is supplied to a piece of 
cold metal the temperature gradually increases, as is 
obvious from our concept of specific heat. Then at a 
given temperature (i. e. the melting point) even with 
further supply of heat, the temperature rise stops for 
a while and starts only after a finite interval of time. 
During this finite interval of time the heat of fusion 
(or the heat of solidification) is added to the metal. 
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This heat of fusion can be presented in a schematic 
manner by a heat “scale” measuring (if that were 
actually possible) the heat content (Fig. 7). In each of 
the two trays of the scale is put | lb of aluminum; one 
(left) pound being solid, indicated by (1220—) (show- 
ing that the temperature is just slightly below the melt- 
ing point); the other pound being liquid, indicated 
by (1220+-) .. (showing that the temperature is just 
slightly above the melting point). The heat “scale” 
shows greater “weight’’ (heat content) for the liquid 
aluminum. Most industrial metals are not pure, but 
compositions of several elements, and hence do not 
solidify at one value but over a given range. The heat 
of solidification starts to be freed at one temperature 
known in metallurgical terms as the “liquidus,” and 
the generation of the heat of fusion is terminated 
when a lower temperature (solidus) is reached. 


Thermal Problems in the Foundry 


It is possible to draw a schematic flow diagram of 
operations in a foundry using sand molds (Fig. 8). 
The operations in which heat problems occur are 
marked by an asterisk. 

Because of the variety of melting furnace types used 
in foundries, furnace problems will not be discussed 
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Fig. 7 — Schematic diagram illustrating heat of fusion. 





here; but it is well to remember that the melting 
equipment in use today is far from being thermally 
perfect. 

The ladle—lined or unlined—offers a number of 
thermal problems. Take, e. g., a receiving ladle. Fig- 
ure 9 shows the drop in average temperature plotted 
against throughput. The shape of this curve will ac- 
tually depend on the nature and thickness of the lining 
and also on how the throughput is achieved: whether 
the ladle is partly filled many times per hour, or less 
frequently completelv filled; also, of course, on the 
temperature at which the ladle is filled, and on the 
nature of the cover, if any. 

Returning now to Fig. 8, one finds mold and core 
drying are next on the list of thermal problems. In 
fact they are very complex problems, because the heat 
flow problem is closely linked to the flow of fluids 
either liquid or vapor, and these generally flow in a 
direction opposite to that of the heat and thus partly 
counteract it; as the heat wave penetrates toward the 
center of mold or core the temperature rise results in 
an at least partial evaporation of the moisture (water 
or oil); the vapors migrate toward the cold outside, 
thus transporting heat back. 

In a proper heating cycle for drying no overdrying 
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at early stages should take place, lest a hard crust be 
formed which might result in crushed outside shells. 
In Fig. 10 two different time-temperature curves for 
the surface of a core are shown. In case of the more 
rapid rise the surface is dried out before the moisture 
from the inside can escape. Consequently, as the heat 
penetrates to the inside, the developing pressure finds 
no way out but by cracking the surface. The slow rise 
prevents complete drying of the surface prematurely. 
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Fig. 8 — Schematic flow diagram of foundry operations. 
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Fig. 9— Curve showing temperature drop in ladle. 
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As in the case of the ladle, a practical solution will in 
many instances probably be found by the foundryman. 
But new conditions—unaccustomed dimensions, new 
materials, etc.—will be best met by recognizing and 
handling a problem as a thermal one. 

Moving down the line in the fiow diagram we find 
the block, marked “gating and risering.”” Every found- 
ryman is aware of the paramount importance of proper 
gating and risering. But generally the problem has not 
been related to heat transfer in the minds of foundry- 
men. The excellent paper by J. B. Caine! presented 
at the 1948 A.F.S. Convention in Philadelphia shows a 
promising approach to the proper risering. He shows 
the importance of relating solidification time of the 
riser to that of the casting and presents a technique for 
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Fig. 10 —Surface temperature of core during drying. 





relating the two times. This approach needs to be 
studied further from the thermal angle. But only a 
thermal understanding of the solidification procedure 
will give the desired results. 

Similarly the size of the gate and the size of the sink- 
head are determined thermally. If the gate bridges 
prior to having transmitted all the liquid metal it ob- 
viously has not fulfilled its purpose. But to determine 
how long it takes to bridge, compared to the solidifica- 
tion time of the casting, is a problem of heat transfer. 
It can be indicated by the schematic Fig. 11, showing 
two thermometers, one in the gate, the other in the 
center of the casting; both thermometers read the same 
temperature—but the clocks indicate that the casting 
reaches the temperature later than the gate. 

These problems, as well as those of solidification of 
the casting proper, have been for the past year the ob- 
ject of study by the Heat Transfer Committee. 


Electric Analogy Method 


Foundrymen may well ask what is the purpose of 
pointing out the thermal nature of their work if they 
have no tools for solving them. Undoubtedly an exact 
solution of the heat problems in the foundry is out of 
the orbit of normal interest of the average foundry- 
man. But fortunately there are modern tools for the 
solution of such problems available and A.F.S. has 
been making use of one of these for the last four years. 

It is possible to solve such problems by means of a 
specialized calculating machine, such as the Heat and 
Mass Flow Analyzer at Columbia University. For those 
readers who may be interested the analogy method is 
here explained somewhat more completely. However, 
readers may stop here—if they are not interested in how 
this method works, because it is no more necessary for 
the foundryman to understand the intricacies of this 
analyzer than it is necessary for him to understand all 
the details of a locomotive before he can ride on a 
train. He uses the latter for transportation—and may 
use the former for solving his thermal problems. In 
general terms the Heat and Mass Flow Analyzer may 
be described as follows. 

For reasons not too well understood, nature has pro- 
vided that heat flow in solid bodies follows the same 
mathematical laws as the electric current in a special 
type of circuit. It is possible to devise and calculate 
this type of circuit in such a manner as to represent a 
certain physical body and its heat flow problem. By 
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carrying out electrical measurements on such a circuit 
the answers to the thermal problem become available 
after a brief but specialized calculation. 

As mentioned, the analogy method is based on the 
identity of the equations governing heat flow in solids 
and electric flow in non-inductive conductors with 
evenly distributed capacitance. 

One way of ascertaining the analogy is to write the 
equations for the heat and the electrical systems and 
compare them. But instead one can simply correlate 
equivalent magnitudes by the following table: 


Thermal System Electric System 





1 /conductivity Resistivity 
Thermal capacity Electric capacity 
Temperature Volt 


Rate of Heat Flow Current 


The basic principle of the analogy method is to solve 
an electric problem, which is so formulated that the 
results can be interpreted to give the answer to a de- 
sired thermal problem. Although it is not the actual 
procedure, one could imagine that first the mathemat- 
ics for the thermal problem is written; then F:.Jing the 
mathematics hard to solve, one replaces in the equa- 
tions the thermal magnitudes, one by czc by : ‘ectric 
magnitudes, using the above table. 

At the end of this process an electric problem is ob- 
tained, the mathematical solution of which is just as 














Fig. 11 — Schematic diagram showing relative time for 
solidification in casting and in gate. 








inaccessible as that of the thermal problem. However, 
the electric problem is subject to experimentation 
much more readily than the thermal problem would 
be. Therefore electric experiments are carried out, and 
then the results are retransformed into heat terms, 
again using the same table. 

It is therefore not important to know the electric 
properties of the body involved. The electric circuit is 
developed, using a mathematical key, which consists 
only in relating the thermal properties of the body to 
a set of electric units. These do not need to have any 
physical relationship to the electric characteristics of 
the body. 

The nature of these transformation calculat.- ns is 
such that it is possible to apply a time & : e. 

A thermal process lasting only a fraction of a second 
can be represented electrically by an experiment last- 
ing many minutes; and conversely, a slow thermal pro- 
cess, lasting hours or even weeks, can be represented in 








an electric experiment lasting only minutes or even 
seconds. 

With this necessarily brief general information about 
this tool readers are referred to special publications? 
if they wish to familiarize themselves with this tech- 
nique and to the Heat Transfer Committee reports of 
the last several years, which reports regularly com- 
prised work with the analyzer. 
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DISCUSSION 


Chairman: J. B. Caine, Sawbrook Steel Castings Co., Lock- 
land, Ohio. 

C. F. Watton:* In any of your heat transfer work, have you 
given consideration to the fact that in filling a mold with 
molten metal portions of the mold are preheated? Merely the 
method in which a mold is filled has a vital influence on the 
mode of solidification. Has any of the theoretical work advanced 
to a point where this can be considered? 

Dr. Pascukis: It is possible to conduct the analyzer experi- 
ments in such a manner as to represent the gradual filling of the 
mold and the resulting partial preheating of the mold. This 
refinement is planned for later years, but we have not as yet got 
around to it. , 


1 Case Institute of Technology, Cleveland. 
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SOME EFFECTS OF DEOXIDATION TREATMENTS 





ON GRAPHITIZATION OF WHITE CAST IRON 


Richard W. Heine * 


ABSTRACT 


The author presents a study of some effects produced when the 
deoxidizers—aluminum, titanium, and hydrogen are added to 
white cast irons. A study of deoxidation effects on inclusions 
reveals that eutectic, sulphide inclusions were produced when 
the point of complete deoxidation was reached as others have 
reported in the case of cast steels. By the effect on inclusions, 
chemical analysis for residuals, and graphitization phenomena, 
the oxygen content of white cast iron is shown to be considerably 
higher than was heretofore reported. The number of graphite 
nodules developed during first stage graphitization is shown to 
decrease initially with small deoxidizing additions and then to 
increase rapidly as complete deoxidation is attained with the 
formation of a floccular rather than a nodular type graphite. 
The time required for first stage graphitization is shown to be 
considerably reduced by deoxidation even with small additions. 
Sub-critical graphitization of the irons has been related to com- 
plete deoxidation. 

Indirectly, through inclusion studies and graphitization be- 
havior, the role of oxygen in malleabilization is demonstrated. 


DEOXIDATION BY ADDITIONS TO THE LADLE OR 
furnace has not been employed as 2 step in the normal 
melting practice of foundries producing white cast iron 
for malleable purposes. While the beneficial effects of 
deoxidation have been well established in steel melt- 
ing, the possibilities of the practice have not received 
much attention in the cast iron field. It is generally 
argued that the high silicon content of most cast irons 
lowers the oxygen residual in the iron through the 
formation of silica or silicates to a value which makes 
deoxidation with another material unwarranted. Re- 
cently, however, some investigators have pointed out 
that greater amounts of oxygen may be present in cast 
irons than was formerly considered possible. If true, 
fixing of the oxygen by a powerful deoxidizer might 
produce effects of considerable significance in the mal- 
leabilizing process applied to white cast irons so 
treated. This paper presents results of a study of the 
effects of so-called deoxidizing additions on some 
graphitizing characteristics of a white cast iron. 


Oxygen Content of Cast Irons 
The oxygen content of cast iron has not been well 
established. Chemical analyses for oxygen have been 


* Assistant Professor of Metallurgy, Dept. of Mining and Metal- 


lurgy, University of Wisconsin, Madison, Wisc. 
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reported very infrequently. Results of indirect wet 
chemical analysis methods reported by Schwartz‘ show 
values of 0.004 to 0.019 per cent oxygen in white irons 
for malleable purposes. Scattered reports generally in- 
dicate values of a few thousandths to one or two hun- 
dredths of a per cent oxygen, with the former being 
most common in white irons. 

Low oxygen contents in cast irons have been at- 
tributed to a deoxidizing effect of the relatively high 
silicon percentage normally present. However, results 
of vacuum fusion analyses of some pig irons by Hurst 
and Riley® showed as high as 0.081 per cent oxygen 
even with a high silicon content. Sims and Zapffe® have 
shown that oxygen may be dissolved in molten irons as 
SiO and in this form relatively large amounts of oxy- 
gen may be present. Chipman and Schneble’ have 
concluded that oxygen may be dissolved in cast iron 
as CO. ; 

Considering the information and data of the afore- 
mentioned workers, it appears inadvisable to assume 
that the silicon percentage normally present in white 
cast irons necessarily accomplishes a complete deoxi- 
dizing effect. Furthermore, it appears advisable to dis- 
tinguish between the simple process of oxygen removal 
by combination with the deoxidizing element and a 
more complicated process whereby the reduction of 
oxides already present, such as CO and SiO, as well as 
FeO, and the formation of a more stable and inert ox- 
ide of the deoxidizing element occur. 

Some quantitative information concerning the oxy- 
gen content of cast irons may be obtained from thermo- 
dynamic calculations. The oxygen percentage in equi- 
librium with a given percentage silicon in the iron at 
a selected melting temperature may be computed by 
methods described by Chipman.* For example, the 
calculations show that for a white iron containing 0.90 
per cent Si, the percentage of oxygen present in the 
melt at 1600 C (2910 F) is 0.0040 per cent if it is as- 
sumed that oxygen reacts to form SiO, or FeO. With 
the aforementioned assumptions, higher silicon con- 
tents in the melt would give even lower oxygen Values. 
However, Sims and Zapffe* have shown that oxygen 
may form SiO rather than SiO, in silicon-iron-oxygen 
systems, and that the monoxide may remain dissolved 
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in the melt rather than separate in the slag as the di- num additions were made by plunging pieces of com- 
oxide may. mercially pure aluminum rod into the melt. The metal 
Further, they have shown that the amount of was then heated rapidly to 3000 F and poured into 
oxygen dissolved as SiO may increase with increasing refractory crucibles having conically shaped cavities 
silicon in the iron. Thermodynamic calculations in- which produced test pieces weighing about 200 grams. 
volving the latter system show that as much as 0.124 An examination of Table I shows that the melting 
per cent oxygen may be present in the 0.90 per cent Si practice consistently produced only minor composition 
iron at 1600 C. (2910 F). The two widely different oxy- changes in relation to the base melting stock and ap- 
gen contents obtained from these calculations need to peared to be quite dependable even after remelting 
be considered in determining the amount of the addi- twice as in the case of H-2. The samples, with few 
tion required for deoxidation practices in cast iron exceptions, evidenced no primary graphitization as 
melting. Considering these possibilities then, it ap- cast. 
pears that a study of deoxidation applied to cast irons Deoxidation with hydrogen was attempted by melt- 
should include a wide range in the amounts and kinds ing heats of 200 grams of the base melting stock in an 
of deoxidizing material added to the iron. It was with atmosphere of dry hydrogen. The material was induc- 
these considerations in mind, that this study of the ef- tion melted in a crucible within a sealed furnace and 
fects of deoxidation of white cast iron was undertaken. held at 2500 F for 1 hr in a moving dry hydrogen at- 
The effects of deoxidation with aluminum and hydro- mosphere. The crucible was then transferred to a cool- 
gen were first investigated. Later, ferrotitanium was ing zone in the furnace and the molten metal was 
also tried. allowed to solidify and cool in the hydrogen atmos- 
, »here. The importance of dry hydrogen in this opera- 
Melting Procedure aa cannot be Saacaesieaied Thermodynamic cal- 
The base melting stock* consisted of commercially culations show that an atmosphere of at least 99.42 pei 
cast shrink-bobs taken from a single heat of air-furnace cent hydrogen would be required to obtain a deoxidiz- 
malleable. The composition of this material is given ing effect if only iron and oxygen were involved in the 
in Table 1. Each heat of 2000 grams was melted in an system at 2500 F. The stirring effect of induction melt- 
induction furnace having a covered alundum crucible. ing and the purging action of hydrogen bubbles leaving 
Prior to melting, the charge was blast cleaned. Alumi- the melt were probably favorable to deoxidizing action. 
num additions in the amounts listed in Table I were Ferro-titanium of the 40 per cent grade, was also em- 
made with the melt at a temperature of 2800 F. Alumi- ployed as a deoxidizer, using the same melting practice 


described for aluminum treatment. Additions varying 
from 0.050 to 0.60 per cent ferro-titanium were made 
as shown more specifically in Table 1. 


* Supplied through the courtesy of The Chain Belt Company 
of Milwaukee, Wisconsin. 


TABLE 1—IRON COMPOSITIONS AND ANALYSES* 

















Element, per cent Addition Residual 
Heat No. Description Total Carbon Si Mn P S Cu Al Al 
B.M:S. Base melting stock 2.24 0.91 0.63 0.152 0.113 0.66 0.0 = 
A-l Aluminum-Treated 2.10 0.92 0.63 0.172 ee 0.61 0.045 trace 
A-2 = = 2.10 0.92 0.63 0.160 ak 0.62 0.090 " 
A-3 oe nae oat ee an re 0.12 none 
A-4 _ = cre ian ae oe — ee 0.15 - 
A-5 ° ‘ — as des ae cha sea 0.18 0.116 
A-6 ii e ae wee Pee a ; ae 0.21 0.082 
A-7 3 Sad or cecal Peek Pia veh 0.30 0.196 
A-8 < = 2,52 0.94 0.63 0.170 hee 0.60 0.70 0.56 
A-9 F " 0.020 
H-1 Base Stock Remelted under 0.00 
Hydrogen at 2500 F . 
H-2 Heat A-5 remelted under Hydro- 2.19 0.94 0.65 0.172 ans 0.61 Heat A-5 0.12 
gen at 2750 F 
Addition 

Ferro-Titanium Treated Heats Fe-Ti,% Tib,% Alb, % 
T-l Ferro-Titanium- Treated hens — at a a! 0.05 0.020 0.004 
T-2 - ‘ane Fa rT ic ae 0.09 0.036 0.007 
T-3 2 a er canes er ak 0.12 0.048 0.0096 
T-4 ” sate Pie ata ana wee 0.18 0.072 0.0146 
T-5 4 0.24 0.096 0.0192 
T-6 0.30 0.12 0.024 
T-7 0.45 0.18 3.036 
r-8 0.60 


a—Metal supplied by The Chain Belt Co. of Milwaukee, Wisconsin, and chemical analyses by courtesy of W. B. Sobers, Metallurgical 
Chemist, of the same company. 
b—Calculated from average ferro-titanium analyses. 
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Effects of Deoxidation on Inclusions 

Metallographic examination of the alloys in the as- 
cast condition revealed that deoxidizing additions af- 
fect the inclusions in white cast iron in a way compar- 
ible to similar treatments in cast steels. For cast steels, 
the effects on type, size, and distribution of inclusions 
produced by deoxidizing additions of aluminum or 
other deoxidizers was described in a paper by Sims and 
Dahle! and also in the work of Crafts, Egan and For- 
geng® and Sims and Lillieqvist.2, The general effects of 
deoxidation as reported by the aforementioned authors 
seemed to be reproduced in the white cast irons stud- 
ied. Inclusion studies were used for this reason as one 
indirect means of observing the progress of the deoxi- 
dation treatments. 

The inclusions present in the base melting stock 
with no deoxidizing addition are shown in Fig. 1. The 
sulphides are irregular or globular, distributed at ran- 
<lom, and of the kind referred to as type I by Sims and 
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Dahle. These inclusions evidently are formed early 
during solidification of the metal as a large portion of 
them were observed to occur in areas that had been the 
primary austenite dendrite interstices, an observation 
also reported for steels by Sims and Dahle. The effects 
of additions of 0.045 and 0.090 per cent aluminum are 
shown in Fig. 2 and 3 respectively. The sulphides re- 
main randomly distributed, being more irregular and 
smaller with the lower aluminum addition but larger 
with the 0.090 per cent aluminum addition. The sul- 
phides in Fig. 2 and 3 were observed to occur partially 
in the areas which had been the primary austenite 
but more frequently in the austenite-carbide eutectic 
areas as the aluminum content increased. These effects 
are compatible with observations of Crafts* and co- 
workers and in agreement with qualitative ternary 
metal-oxide-sulphide diagrams proposed by them. On 
these diagrams, sulphides in higher sulphur steels are 
shown as solidifying earlier with low aluminum addi- 
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Fig. 1 through 6, all at 500x, unetched. 


Fig. 1—Base melting stock. Type I, random sulphide 
inclusions. 

Fig. 2—Heat A-1, 0.045% Al addition. Type I, modi- 
fied, random sulphides. j 

Fig. 3—Heat A-2, 0.09% Al addition. Type I, modi- 
fed, random sulphides. 





Fig. 4—Heat A-4, 0.15% Al addition. Shows tendency 
toward film-type sulphide inclusions. 

Fig. 5—Heat A-5,0.18% Al addition. Type II, eutectic 
sulphides in grain boundaries. 

Fig. 6—Inclusions as in Fig. 5 from a different heat re- 
ceiving the same 0.18% Al addition as heat A-5. 
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tions and later with higher aluminum additions. How- 
ever, their maximum aluminum additions for these 
effects were stated as 0.025 per cent as compared to 
the higher aluminum additions employed in this work. 
This difference in the amount of aluminum required 
may be due to the higher sulphur content of the cast 
iron and also possibly to a higher oxygen content. 

A pronounced change in the inclusion distribution 
was obtained with additions of 0.15 and 0.18 per cent 
aluminum. A film-type sulphide was obtained with 
0.15 per cent aluminum addition, the inclusions hav- 
ing the characteristic appearance shown in Fig. 4. 
Eutectic sulphides in the grain boundaries were ob- 
tained with the 0.18 per cent aluminum addition as 
shown in Fig. 5 and 6. These inclusions were classified 
as type II inclusions in the work of Sims and Dahle. 
The occurrence of the eutectic or film type sulphides 
was related to complete deoxidation with aluminum by 
Sims and Dahle.* Quoting from these authors, “At the 
point of complete deoxidation and in the absence of 
any appreciable excess aluminum, the sulphides reach 
their highest solubility and precipitate as a eutectic.” 
And again, “Such a eutectic most often will appear as 
single rows of small evenly sized, and evenly spaced 
sulphide inclusions. ... . ” (Also shown to be precipi- 
tated as a film in the boundaries.) The condition of 
complete deoxidation with little appreciable residual 
aluminum, resulting in eutectic sulphides, seems to be 
met with the 0.18 per cent aluminum addition for the 
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particular melting and pouring practice employed in 
these tests. Eutectic sulphides in the cast steels studied 
by Sims and Dahle* and Crafts* and co-workers were 
obtained at about 0.05 per cent aluminum addition. 
While the eutectic sulphide inclusions shown in Fig. 
5 and 6 are not identical with those shown by Sims and 
Dahle’ and Crafts* and associates, some differences are 
to be expected due to the differences in mode of solidi- 
fication of the cast iron and cast steel. The austenite- 
carbide eutectic which solidifies at a low temperature 
along with the metal-sulphide eutectic that produces 
the grain boundary inclusions amounts to approxi- 
mately 50 per cent of the total white iron structure. In 
the medium-carbon cast steels discussed in the refer- 
ences, the solidification of the sulphide eutectic occurs 
at the end of the freezing process when most of the 
metal has already solidified. Rounded sulphides, as 
shown in Fig. 5 and 6, might be expected as a result of 
the extended solidification process in the cast iron. 
Consistent with the foregoing reasoning, the virtual 
disappearance of sulphides from the primary austenite 
and their association with the austenite-carbide eutec- 
tic was observed in the 0.18 per cent aluminum-treated 
material. Several heats were made with the 0.18 per 
cent aluminum addition and no difficulty was experi- 
enced in reproducing eutectic sulphide distribution. 
Another instance of similarity of inclusions in white 
éast iron and cast steel related to deoxidizing additions 
was noted in the formation of galaxy-type intergranu- 
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Fig. 7 through 10 all at 500x, unetched. 


Fig. 7—Heat A-5 (0.18% Al addition) melted under 
dry hydrogen atmosphere at 2750 F for 1 hr. Galaxy- 
type intergranular sulphides. 

Fig. 8—Base melting stock melted under dry hydrogen 
at 2500 F for 1 hr. Film-type sulphides. 


Fig. 9—Heat A-6,0.21% Aladdition. Type II random 
sulphides. 

Fig. 10—Heat A-7, 0.30% Al addition. Random sul- 
phides with dark constituent appearing in duplex in- 
clusions. 
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lar eutectic sulphides as shown in Fig. 7. The mechan- 
ism of the formation of galaxy-type inclusions was 
postulated in the paper by Crafts, Egan, and Forgeng.* 
They obtained these inclusions with additions of 0.075 
per cent aluminum in medium-carbon cast steel of 
relatively high sulphur content. This addition is 
slightly higher than that required to produce ordinary 
eutectic sulphides in the same steel. The inclusions 
shown in Fig. 7 were obtained when the white iron 
deoxidized with 0.18 per cent aluminum was remelted 
under dry hydrogen for | hr at 2750 F. The cast iron 
qualifies as a higher sulphur material and possibly the 
hydrogen served to supply the additional deoxidizing 
material required to produce the aforementioned in- 
clusions. 

Attempts to deoxidize the base melting stock with 
dry hydrogen by the melting procedure previously 
described produced the film-type inclusions shown in 
Fig. 8. Deoxidation effects resulting from this treat- 
ment appeared to be equivalent to those obtained by 
the addition of 0.18 per cent aluminum to the melt. As 
described later, practically identical graphitization 
phenomena occurred in irons where treatments with 
aluminum or hydrogen produced what appeared from 
inclusion studies to be essentially complete deoxida- 
tion. 

Aluminum additions beyond 0.18 per cent produced 
the inclusions shown in Fig. 9 and 10. With the 0.21 
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Fig. 11—Graph of time required for complete first 
stage graphitization plotted against percentage alumi- 
num addition. 
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Fig. 12—Graph of ratio of number of graphite par- 
ticles in the untreated iron to the number of graphite 
particles in the aluminum treated iron plotted against 
percentage aluminum addition. 


per cent and 0.30 per cent additions, Fig. 9 and 10 
respectively, the appearance of a second dark constitu- 
ent in the sulphides and some small alumina particles 
occurred. Figure 10 shows the large, widely separated 
sulphides and random alumina distribution described 
by Crafts* and associates. The dark material in the 
duplex inclusions appears similar to that reported as 
being Al,S, by Sims and Dahle.t They also reported 
the formation of the duplex eutectic which appears in 
Fig. 10. The randomly distributed inclusions resulting 
from large aluminum additions were named type III 
inclusions. 


Inclusions Modified by Deoxidation 

Based on the results of these data, it appears justi- 
fiable to conclude that the inclusions in a white cast 
iron are modified by deoxidizing treatments in a man- 
ner comparable to those in cast steels produced by simi- 
lar treatments. Higher aluminum additions are re- 
quired in cast irons to obtain equivalent effects. In 
steels, the most pronounced changes are reported over 
a range of 0.02 to 0.10 per cent aluminum, whereas in 
the cast iron studied these changes occurred in the 
range of 0.12 to 0.21 per cent aluminum addition. 
Whether a part of this difference is due to the me! ing 
procedure is not clearly known by the author. How- 
ever, a definite portion of the difference could be at- 
tributed to a basically higher oxygen content in the 
cast iron. It is consistent with the work of the afore- 
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mentioned investigators that the progressive changes 
in the type of inclusions are associated with an in- 
crease in the amount of aluminum available to con- 
vert the oxygen in the iron to a stable oxide. Further 
evidence is presented later pointing to the conclusion 
that higher oxygen contents exist in the iron. 


Residual Aluminum Analysis 


A number of aluminum-treated heats of iron were 
analyzed for aluminum not converted to oxide. These 
residual analyses are reported in Table 1. It may be 
noted that residual aluminum was not reported in any 
significant amount until the additions were 0.18 per 
cent or greater. By difference, the analyses indicate 
that from 0.090 to 0.14 per cent aluminum was re- 
quired for deoxidation. The inclusion study indicates 
that between 0.15 to 0.18 per cent aluminum was re- 
quired for deoxidation of this iron. While the two 
results are not in exact agreement, they do both indi- 
cate a relatively high oxygen content through the large 
amount of aluminum involved. Lack of residual alumi- 
num in any of the irons treated with 0.15 per cent 
aluminum or less substantiates the view that there is 
considerable oxygen in this iron. Consistent with the 
observation is the fact that it was possible to reproduce 
the eutectic sulphide inclusions in several different 
heats employing a 0.18 per cent aluminum addition. 
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Effect of Deoxidizer Additions of First Stage 
Graphitization 

The effect of deoxidizing additions on the first stage 
graphitization process of the white irons was investi- 
gated. To study the characteristics of the process, a 
standard heat treating cycle was adopted. Test pieces 
cast from each heat were sectioned into quarters and 
packed in small steel boxes along with dry, clean, cast 
iron borings. Heat treatment was carried out in an elec- 
tric muffle furnace equipped with pyrometric control- 
lers. Furnace contol was based on the temperature 
within the boxes. The heat treating cycle consisted of 
heating to 1450 F in 1 hr, from 1450 to 1700 F in 1 hr, 
and holding at 1700 F for selected periods from 5 min 
to 35 hr. The holding period was followed by air cool- 
ing. After heat treatment, the samples were sectioned 
and prepared for metallographic examination. 

The effect of deoxidizing additions on the time re- 
quired for complete first stage graphitization was in- 
vestigated first. For each deoxidizing treatment, the 
graphitizing time necessary to cause the disappearance 
of massive carbides at the 1700 F holding temperature 
was determined. The first stage graphitizing time was 
found to be a function of the amount of aluminum ad- 
dition. This relation is shown on the graph of Fig. 11 
where the first stage graphitizing time for each alumi- 
num addition has been plotted. As shown, the first 
stage graphitizing process is completed more rapidly as 
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Fig. 13—Base melting stock. 


Fig. 14—Heat A-1, 0.045% Al addition. 


Fig. 13 through 16 all at 150x, show the graphite dis- 

tribution after complete first stage graphitization at 

1700 F. 

Fig. 15—Heat A-2, 0.090% Al addition. 
Fig. 16—Heat A-3,0.12% Al addition. 
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the amount of the aluminum addition increases up to 
an addition which produces a minimum time of graphi- 
tization. The minimum time of first stage graphitiza- 
tion is not appreciably altered by larger aluminum ad- 
ditions. The minimum value is first obtained with 
aluminum additions that produce the eutectic-type 
sulphide inclusion associated with complete deoxida- 
tion, 0.18 per cent in the case of this iron. Higher ad- 
ditions, even up to 0.70 per cent aluminum, produce 
little change in the graphitization response. 

The effect of deoxidizing additions on the length of 
the first stage graphitizing period is, of course, partly 
related to the number of graphite particles formed dur- 
ing the heat treatment. Accordingly, the effect of the 
deoxidizing additions on the number of graphite 
particles produced by first stage graphitization was 
studied. As shown on the graph, Fig. 12, the number 
of graphite particles present at the end of first stage 
graphitization first decreases and then increases rapid- 
ly. The same effect was reported by Schwartz‘ and his 
data were used to plot the dotted line curve on Fig. 12. 
The graph is a plot of the ratio of the number of graph- 
ite particles in the aluminum-treated iron to graphite 
particles in the untreated iron against the amount of 
aluminum addition. The number of graphite areas 
observed at 150X was counted by a method suggested 


Fig. 17—Heat A-5, 0.18% Al addition. Graphite dis- 
tribution at end of complete first stage graphitization 
at 1700 F. 150x. 
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Fig. 19—Initial structure of base melting stock showing 
massive carbides and pearlite areas. 250x: 
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by Lorig and Samuels® to determine the aforemen- 
tioned ratio. Beyond additions of 0.12 per cent alumi- 
num, the graphite counting procedure was no longer 
feasible because of the large number of particles. 

The effect of more rapid graphitization with the 


- formation of an increased number of graphite particles, 


as illustrated by Fig. 11 and 12, is well known. How- 
ever, a very significant point may be noted when the 
two graphs are compared. The time required for first 
stage graphitization for the lowest aluminum additions 
is much shortened even though there were a fewer 
number of graphite particles present than in the iron 
not aluminum treated. Such behavior suggests that 
the carbon diffusion process during graphitization is 
speeded up by the deoxidizer additions to these irons. 

Photomicrographs illustrating the graphite distribu- 
tion at the end of the first stage graphitization in repre- 
sentative aluminum deoxidized irons are shown in Fig. 
13 through 18 at 150X in the unetched condition. The 
balance of the structure in these photographs consists 
of pearlite developed during air cooling from the 
graphitizing temperatures. The initial structure of the 
melting stock is shown in Fig. 19 and the structure 
after first stage graphitization is shown in Fig. 20. The 
decrease in number of graphite nodules with a small 
aluminum addition may be noted by comparing Fig. 


Fig. 18—Heat A-8, 0.70% Al addition. Graphite dis- 
tribution at end of complete first stage graphitization 
at 1700 F. 
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Fig. 20—Base melting stock, nodular graphite and 
pearlite obtained after 32 hr at 1700 F, followed by air 
cooling. 250x. 
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12 and 13 which show the graphite nodules developed 
in the untreated and the 0.045 per cent aluminum- 
treated irons respectively. Additions larger than 0.090 
per cent aluminum produced a rapid increase in the 
number of graphite particles resulting from heat treat- 
ment, as shown in Fig. 14 through 18. It may be noted 
in these photomicrographs that the shape of the graph- 
ite particles changes from a nodular to a floccular shape 
beyond 0.12 per cent aluminum additions. The floc- 
cular graphite commonly reproduces the dendritic pat- 
tern of the original massive carbides and indicates 
high graphite nucleation tendencies in these areas. 
Aluminum additions larger than those providing what 
appears to be complete deoxidation are evidently not 
as effective in materially increasing the number of 
graphite particles as additions below the amount neces- 
sary for complete deoxidation. A comparison of Fig. 
17 and 18 show little difference even though the irons 
were treated with 0.18 and 0.70 per cent aluminum 
respectively. 

The deoxidizing treatment with hydrogen de- 
scribed previously produced effects similar to those ob- 
tained in irons treated with the higher aluminum 
additions. The typical white iron structure was ob- 
tained by this treatment. Prior to the graphitizing 
treatment, the metal wes held at 600 F for 3 hr. The 
annealing cycle previously described was then given to 
the pretreated samples. The pretreatment was em- 
ployed to permit the hydrogen content residual in the 
iron to be lowered by diffusion to the solubility limit 
at 600 F. After the annealing treatment, it was found 
that complete first stage graphitization occurred in 2 
hr at 1700 F in the hydrogen deoxidized material. The 
floccular appearing graphite previously related to de- 
oxidation with aluminum was also produced. The 
graphite distribution after complete first stage graphi- 
tization in | hr at 1700 F is shown in Fig. 21, with the 
unetched areas consisting of pearlite. The results ob- 
tained when the iron is annealed without first diffus- 
ing the hydrogen from the metal at 600 F are entirely 
different and will be reported at a later date as part of 
a study of the effects of hydrogen on the graphitization 
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Fig. 21—Base metal remelted under dry hydrogen at 
2500 F for 1 hr. Graphite distribution after complete 
first stage graphitization at 1700 F. 150x. 
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of white irons. Only the effect of deoxidation with 
hydrogen followed by pretreatment at 600 F on first 
stage graphitization was considered in this investiga- 
tion. 

The data evidently point to the conclusion that de- 
oxidizing treatments with aluminum or hydrogen pro- 
duce a marked effect on the response of the white iron 
to the first stage graphitization heat treatment. The 
number of graphite particles at first is decreased and 
then is considerably increased, the shape of the graph- 
ite changes from nodular to floccular, and the period 
required for first stage graphitization at 1700 F de- 
creases as the effectiveness of deoxidation increases. 
The results obtained with hydrogen were particularly 
striking. Since essentially similar graphitization phe- 
nomena were obtairied with hydrogen deoxidation as 
with aluminum treatment, it appears sound to con- 
sider these results as not being due to the nucleating 
effect of non-metallic aluminum oxide or the effect of 
residual aluminum in the melt but rather to a deoxi- 
dizing effect of the treatments. 


Deoxidation with Titanium 


The results of deoxidation of the iron with titanium 
in the form of commercial 40 per cent ferro-titanium 
merits special consideration. Titanium additions were 
expected to produce deoxidizing effects. However, 
since titanium is not as powerful a deoxidizer as alumi- 
num, more residual titanium is required to obtain an 
equivalent deoxidizing effect. It was considered likely 
that this residual titanium in the iron might ex- 
tensively alter the graphitizing effects previously de- 
scribed. ‘Titanium is known as a carbide stabilizing 
element and resistance to graphitization developed 
from this source might overshadow the graphitizing 
effects promoted by deoxidation. Following the same 
procedure as in the study of the aluminum additions, it 
was found possible in general to reproduce the effects 
previously attributed to deoxidation. Thus as shown 
in Fig. 23, many small graphite particles were pro- 
duced in an iron with 0.18 per cent ferro-titanium ad- 
dition after annealing at 1700 F. This condition is 
similar to the increase in number of graphite particles 
obtained in aluminum deoxidized irons. When the 
time required for complete first stage graphitization is 
plotted against titanium addition as in Fig. 25, it is 
found to decrease with the amount of the titanium 
addition to a minimum as in the case of aluminum 
addition. However, larger additions caused this time 
to increase. It appears that the resistance to first stage 
graphitization begins to increase when the residual 
titanium not combined with oxygen begins to accumu- 
late in the iron. Figures 22 and 24 show the graphite 
distribution obtained when the amounts of titanium 
added are smaller and larger than that required for 
essentially complete deoxidation. Nodular graphite is 
obtained under these conditions. However, small 
rounded graphite particles appear in the iron treated 
with the larger additions, as shown in Fig. 24. 

The effects on first stage graphitization and nuclea- 
tion produced by the titanium additions to the white 
iron substantiate the principles established in the study 
of deoxidation with aluminum and extend the infor- 
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Fig. 22—Heat T-2, 0.09% Fe-Ti addition. Graphite 
distribution after complete first stage graphitization at 
1700 F. 150x. 

Fig. 23—Heat T-5, 0.18% Fe-Ti addition. Graphite 
distribution after complete first stage graphitization at 


mation to cover the case of a residual element which 
produced a carbide stabilizing effect rather than a 
graphitizing effect. 
Deoxidation of White Irons of Other Chemical 
Compositions 

Considering the results of deoxidation as reported 
in the foregoing section from a more general view- 
point, the question arises whether the effects of deoxi- 
dation are also applicable to the first stage graphitiza- 
tion of white cast: irons having a chemical composi- 
tion other than the one initially investigated. Accord- 
ingly, several other white cast irons were studied. These 
irons were produced by melting in an induction fur- 
nace and then making deoxidizing additions following 
the practice described previously. The metal charge 
to the furnace consisted of steel punchings, 75 per cent 
ferrosilicon, standard ferromanganese, graphite and 
sufficient ferrophosphorus and iron sulphide to obtain 
the desired composition. The charge analysis of two 
of the irons and the percentage of deoxidizer addition 
is shown in Table 2. These irons were cast into test 
bars and then heat treated in the same way as the 
original iron to determine the time required for first 
stage graphitization. 

From Table 2, it may be seen that irons X, YI and 
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TasLeE 2—CHARGE ANALYSIS 





rime Required for 


Charge Composition, per cent Addition, Complete First Stage 








No. ¢ Si Mn P S Per cent Graphitization 
X 2.80 0.90 040 0.14 0.10 0.077 Al 1 hi 
Yl 2.80 0.90 040 0.14 0.10 0.11 Fe-Ti 8 hr 
Y2 280 0.90 0.40 0.14 0.10 0.20 Fe-Ti 5 hr 
Z 280 0.60 040 0.14 0.10 0.134Al 7 hr 
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1700 F. 150x. 

Fig. 24—Heat T-6, 0.24% Fe-Ti addition. Graphite 
distribution after complete first stage graphitization at 
1700 F. Small rounded graphite areas and large nod- 
ules. 150x. 
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Fig. 25—Graph of time required for complete first 
stage graphitization plotted against percentage ferro- 


titanium addition. 
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Y2 are reasonably in agreement with the results for 
the original iron plotted in Fig. 11 and 25. Actually, 
a somewhat longer primary graphitization period was 
anticipated for irons X and Y, even though the per- 
centage silicon was the same, since they are higher in 
carbon content. The 0.60 per cent Si iron, treated 
with a relatively large aluminum addition, 0.134 per 
cent, required a longer period of first stage graphitiza- 
tion, as was expected, because of the lower silicon per- 
centage. It appears that these irons responded to de- 
oxidation treatments, as did the first irons. Several 
additional compositions were studied with similar re- 
sults in a supplementary research project aimed at 
applying the deoxidizing treatment to white irons cast 
in green sand molds. As a consequence of these addi- 
tional observations, the effects of deoxidation treat- 
ments in altering first stage graphitization character- 
istics are concluded to apply to white cast irons of a 
number of different chemical compositions. 


Effects of Deoxidation on Sub-Critical Graphitization 


Graphitization at temperatures below the lower 
critical temperature was observed as a further result of 
deoxidation treatments. A low temperature treatment 
of 6 hr at 600 F followed by 12 hr at 1200 F was applied 
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Fig. 26 through 29 at 250x, picral etched. All samples 
were heat treated 6 hr at 600 F followed by 12 hr at 
1200 F, air cooled. 

Fig. 26—Heat A-4, 0.15% Al addition. Massive car- 
bides and partially speroidized pearlite. 

Fig. 27—Heat A-5, 0.18% Al addition. Massive car- 
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to the white iron samples from each heat. The 600 F 
treatment was found to be a necessary part of the pro- 
cess. The samples were then sectioned and examined 
metallographically. The structure of irons with addi- 
tions of 0.15, 0.18, and 0.30 per cent aluminum after 
the low temperature treatment are shown in Fig. 26 
through 28 respectively. Partial spheroidization of the 
pearlitic areas with a few traces of graphitization was 
the only result in the 0.15 per cent aluminum-treated 
iron. Irons receiving lower aluminum additions re- 
vealed no effects other than spheroidization. However, 
the 0.18 per cent aluminum-treated iron having the 
eutectic sulphide inclusion distribution associated with 
complete deoxidation showed extensive graphitization 
as revealed in Fig. 27.. All irons treated with higher 
aluminum additions, revealed similar sub-critical 
graphitization tendencies. The structure produced in 
the 0.70 per cent aluminum treated iron is shown in 
Fig. 28. 

The sub-critical graphitization effect was also pro- 
duced in the hydrogen-treated irons. Figure 29 shows 
graphitization in the base melting stock which had 
been remelted | hr at 2500 F under dry hydrogen and 
then given the low temperature treatment. 

Particular significance may be attached to the simi- 


bides and graphite particles in ferrite matrix. 

Fig. 28—Heat A-8, 0.70% Al addition. Massive car- 
bides and graphite particles in ferrite matrix. 

Fig. 29—Heat H-1. Base melting stock melted under 
dry hydrogen one hour at 2500 F. Massive carbides, 
graphite particles, and spheroidized matrix. 
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larity of graphitizing behavior of hydrogen and alumi- 
num-deoxidized irons. Sub-critical graphitization has 
been variously attributed to residual aluminum in the 
metal or the presence of minute non-metallic particles 
of oxide formed by the aluminum. Evidently neither 
of these two conditions is a basic requirement for sub- 
critical graphitization in cast iron since the hydrogen- 
treated irons received no aluminum additions what- 
soever. Thus, sub-critical graphitization appears to be 
promoted by a low residual oxygen content in the iron 
whether this be obtained by hydrogen treatment for 
oxygen removal or by conversion of the oxygen to 
stable and relatively inert oxides by aluminum addi- 
tions. 

The data support the conclusion that graphitization 
of carbides in white cast iron, both above and below 
the critical temperature range, is promoted by deoxi- 
dizing treatments. 


Discussion 


The data presented in the foregoing paragraphs have 
revealed some principles of deoxidation practices ap- 
plied to white cast irons. Of major importance seems 
to be the evidence supporting the existence of higher 
oxygen content in the iron than has been previously 
considered likely. A summary of the data supporting 
this conclusion would include the following: 

1. Similar effects were obtained by deoxidation with 
aluminum, hydrogen, or titanium. The magnitude of 
aluminum and titanium additions required to obtain 
deoxidation effects was high and equivalent in amount, 
both addition agents indicating high oxygen content 
in the melt. 

2. The progress of deoxidation with increasing 
amounts of aluminum additions was marked by an 
increased number of graphite particles after first stage 
graphitization. The greatest effects, resulting in a very 
fine graphite distribution, were associated with the 
greatest changes in inclusion distribution and were 
obtained in both cases with aluminum additions over 
the range from 0.12 to 0.21 per cent. 

3. The very fine graphite dispersion was developed 
during first stage graphitization only in deoxidized 
irons whether treated with aluminum, hydrogen or 
titanium. The fine graphite dispersion was associated 
with a minimum first stage graphitization time whether 
the iron was treated with aluminum, hydrogen, or 
titanium. 

4. The effects of aluminum and titanium as alloy- 
ing elements only appeared after deoxidation had been 
effected. These effects of residual titanium and alumi- 
num, i.e., that not converted to oxides, on graphite 
distribution in the iron after first stage graphitization, 
were quite different. 

Residual aluminum had little apparent effect on 
the fine graphite distribution or the time required for 
first stage graphitization even when present in con- 
siderable amounts. Residual titanium, however, caused 
a return to the large nodular graphite from the small 
fine dispersion obtained with complete deoxidation. 
Also, the time required for first stage graphitization 
was considerably extended by residual titanium. This 
behavior for the ferro-titanium additions indicates 
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that titanium first accomplishes a deoxidizing effect 
and then produces the alloying effect of carbide stabili- 
zation. 

5. Sub-critical graphitization occurred only in de- 
oxidized irons. The amount of the deoxidizing addi- 
tion required to obtain sub-critical graphitization was 
the same as that which produced the most significant 
changes in inclusion distribution and first stage graphi- 
tization results. 

6. Chemical analyses for residual aluminum content 
in the iron revealed that residual aluminum did not 
appear until an addition of 0.15 per cent was ex- 
ceeded. 

7. A large aluminum addition was required to pro- 
duce the eutectic or film-type sulphide inclusion 
which other investigators have associated with com- 
plete deoxidation in steels. An addition of 0.18 per 
cent aluminum to the molten iron produced eutectic 
inclusions similar to those obtained with additions of 
about 0.05 per cent aluminum in cast steels. 

While the evidence presented above, pointing to a 
high oxygen content in the iron, is entirely indirect, 
its nature and consistent behavior seem conclusive. It 
appears justifiable to conclude that deoxidation or the 
fixing of the oxygen into an oxide which does not 
readily enter into any further chemical or physical 
changes is primarily responsible for the effects pre- 
sented. 

The question arises whether the previously listed 
effects of deoxidation can be obtained with commercial 
foundry melting practices. The oxygen content of com- 
mercial white irons has considerable opportunity for 
fluctuation. The melting practice, tapping, and pour- 
ing operations all may contribute their effects in alter- 
ing the amount of oxygen in the iron and its condition 
of chemical combination. With the oxygen content 
variable in a commercial iron, the results obtained in 
this investigation would be difficult to reproduce. The 
present work has not attempted to establish any rela- 
tionship between the results obtained under controlled 
laboratory melting conditions and those which might 
be obtained from a commercial melting practice. This 
point should be clarified by further research. 


Theoretical Considerations 


As observed through the results of deoxidation prac- 
tices, the role of the high oxygen content in first stage 
graphitization involves some of the basic principles of 
the process. Two factors, among the many which have 
been reported as important, seem especially related to 
this work. First, there is the importance of carbon 
diffusion in austenite at the first stage graphitizing 
temperature. Second is the regulating factor of the 
nucleation tendency of the iron during the graphitiz- 
ing period. 

The first stage graphitizing process in white cast 
irons has been described’® as progressing by the dis- 
solving of carbides and the diffusion of carbon in aus- 
tenite to graphite nuclei developed at the heat treating 
temperature. The process has been presented in equa- 
tion form as follows: 


Fe;C — Cy, y, + > C (graphite) +7....... Eq. | 
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A simpler equation for the direct decomposition of 
iron carbide has been presented in some papers, 
namely, 


Fe,C — C (graphite) + 7 ...........0.eeeeee Eq. 2 


It is not the purpose of this paper to argue whether 
Eq. | or Eq. 2 is correct. Both processes may be in- 
volved depending on several conditions. For the pres- 
ent it may be pointed out the Eq. | is certainly in- 
volved in an iron where graphitization occurs by dif- 
fusion mainly, whereas Eq. 2 may be very significant 
in the development of the nuclei necessary to initiate 
the process. It is evident that the nucleation power of 
the irons which were only partially deoxidized or not 
deoxidized at all is low since relatively few nodules 
are developed. In these irons some phase of diffusion 
is a dominant process controlling the time required for 
graphitization. Partial deoxidation was shown to re- 
sult in fewer graphite nodules but was accompanied 
by more rapid first stage graphitization. With fewer 
nodules it would normally be expected to require a 
longer first stage graphitization period since the car- 
bon is required to diffuse over greater distances. How- 
ever, the reverse effect was reported. Apparently par- 
tial deoxidation permits carbon to dissolve and diffuse 
more rapidly through the austenite. Some phase of the 
diffusion process must be drastically affected since the 
normal iron requiring 36 hr for first stage graphitiza- 
tion was completely graphitized in 5 hr with a 0.045 
per cent aluminum deoxidation treatment, even 
though fewer nodules were formed. The smaller num- 
ber of nodules may be a result of improved diffusion 
since Eq. | rather than 2 is favored when the carbides 
are readily dissolved. ‘The smallest carbides most likely 
to dissociate and form graphite on heating might under 
more favorable conditions of diffusion dissolve in the 
austenite and thus result in fewer graphite nuclei. 

When a fine graphite dispersion appears in the struc- 
ture, the nucleating power of the white iron is the con- 
trolling factor in the first stage graphitizing process. 
Since there are many graphite nuclei, carbon is not 
required to diffuse very far to precipitate as graphite. 
The time required for graphitization thus is short and 
is determined mainly by the extent of nucleation. 
There are several indications that this process is ac- 
companied by direct decomposition of some carbides, 
i.e. Eq. 2. 

First, the large number of graphite particles pro- 
duced in deoxidized irons are preferentially located at 
the former positions of the massive carbides. A graph- 
ite network which resembles an initial massive carbide 
network in shape and size was well shown in Fig. 23 for 
a ferrotitanium-treated iron. Such behavior would be 
expected if deoxidizing treatments render the carbides 
less stable. Similar graphitizing results would also be 
expected when the iron is treated with deoxidizers 
other than those employed in this investigation. While 
the author has not had an opportunity to work with 
other deoxidizers, some information in the case of 
boron treatment may be obtained from the literature. 
Boron additions have been shown to have effects simi- 
lar to aluminum and ferrotitanium additions. The 
effect of a considerably increased number of finely dis- 
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persed graphite particles and the appearance of a den- 
dritic graphite pattern in boron-treated malleable irons 
was reported recently by Micksch, Fabert and Cover." 
It is noteworthy that a relatively large boron addition, 
0.05 per cent, was required to produce the finest graph- 
ite distribution reported by the aforementioned work- 
ers. A larger boron addition was shown to render the 
iron very resistant to graphitization; an effect com- 
parable to that of the larger ferrotitanium additions. 
It appears that the effects attributed to deoxidation 
on graphite particle distribution precede alloying ef- 
fects with either boron or ferrotitanium treatment of 
the iron. 

A further evidence of direct decomposition of mass- 
ive carbides was observed in irons that exhibited sub- 
critical graphitization tendencies. Figure 30 shows the 
structure of the 0.18 per cent aluminum-treated iron 
after receiving the sub-critical heat treatment described 
in the preceding section. Graphite areas within the 
carbides in this iron may be seen in Fig. 30, while the 
mottled appearance of these carbides indicates a 
change from apparent homogeneity to heterogeneity. 
Carbide heterogeneity of this type was not observed in 
irons that did not graphitize at sub-critical tempera- 
tures within a 12-hr heat treating period at 1200 F as, 
for example, in the iron of Fig. 26. The aforemen- 
tioned effects have been associated with aluminum 
additions of at least a sufficient magnitude to produce 
eutectic sulphide inclusions and it is interesting to 
note that inclusions of this type are present in the 
carbide at the lower left of Fig. 30. Graphite nuclei 
formed at sub-critical temperatures in these and other 
irons during the process of heating to the first stage 
graphitizing temperature could considerably affect the 
number of nodules ultimately developed. 

Considering the foregoing discussion, deoxidizing 
treatments applied to white cast irons have been re- 
lated to fundamental principles of the graphitization 
process. Small deoxidizing additions have been shown 
to improve the rate of first stage graphitization while 





Fig. 30—Heat A-5, 0.18% aluminum addition. Heat 
treated 6 hr at 600 F and 12 hr at 1200 F, air cooled. 
Graphite, massive carbides showing evidence of de- 
composition, sulphide inclusions, and matrix of fer- 
rite. Picral etched, 750x. 
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larger deoxidizing additions result in powerful nu- 
cleating tendencies. The data indicate that oxygen in 
the iron somehow functions as a carbide stabilizing 
element during first stage graphitization. The develop- 
ment of deoxidation practices as a means of shorten- 
ing malleabilizing cycles and controlling nodule num- 
ber appears as a possible application of the principles 
reviewed. 


Conclusions 


In summarizing the results, the following conclu- 
sions may be stated: 

1. White cast irons may be treated with deoxidizing 
additions to the melt with the result that eutectic or 
film-type sulphide inclusions are developed during 
solidification. Such inclusions have been related by 
investigators of cast steels to an absence of oxygen in 
the melt and a minimum residual of the deoxidizing 
element. 

2. The oxygen content of the cast iron studied in- 
directly by inclusion type was found to be higher than 
has been previously considered likely. The amount of 
aluminum addition required to produce eutectic sul- 
phides indicates an oxygen content approaching an 
upper limit calculated from thermodynamic data. 

3. Small deoxidizing additions of aluminum to the 
white iron were observed to decrease the number of 
graphite nodules and considerably shorten the time 
required for first stage graphitization. 

4. With larger deoxidizing additions to the iron, a 
fine graphite dispersion rather than the normal nodu- 
lar graphite was developed in all irons regardless of 
the deoxidizing agent, and the first stage graphitization 
time was reduced to a minimum. 

5. An increase of aluminum addition beyond that 
amount required for deoxidation had little effect in 
decreasing the time of first stage graphitization or in 
altering the number of graphite particles produced 
within the limits studied. 

6. An increase of titanium addition beyond that 
amount required for deoxidation which resulted in 
residual titanium in the metal caused a return to the 
nodular type graphite and a considerable increase in 
the time required for first stage graphitization. Such 
effects are probably related to the carbide stabilizing 
tendencies of titanium when it is present as an alloy- 
ing element rather than as non-metallic inclusions. 

7. Sub-critical temperature graphitization was pro- 
duced at 1200 F but only in those irons which were 
completely deoxidized. 

8. The presence of non-metallic particles of oxide or 
of residual aluminum has been indirectly shown to be 
unnecessary for sub-critical graphitization. 

9. Indirectly, through the deoxidation effects stud- 
ied, oxygen has been shown to be a potent element in 
determining the response of a white iron to graphitiz- 
ing heat treatments. The presence of the higher oxy- 
gen contents has been related to carbide stabilization, 
the formation of the nodular type graphite, and longer 
times required for complete first stage graphitization 
in irons which solidify as white cast irons. 

10. Deoxidation practice has been revealed as a 
possible method of controlling the number of graphite 
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nodules and the time required to attain complete first 
stage graphitization of a white iron. 
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DISCUSSION 


Chairman; C. F. Joseru, Central Foundry Div., G.M.C., 
Saginaw, Mich. 

Co-Chairman: C. F. Lavenstein, Link-Belt Co., Indianapolis 

R. P. Scuauss (Written Discussion)!: The writer wishes to con- 
gratulate Prof. Richard Heine on this excellently prepared paper. 
Earlier papers on deoxidation of steel and effects of inclusions 
served to help the steel founder over many rough spots since they 
were written. The paper presented here by Prof. Heine shows 
promise of doing the same for the malleable founder. 

The writer would like to present a little additional evidence as 
to the effects of aluminum on malleable iron. Some of the ex- 
perimentation was done with regard to improvement in physical 
properties of the iron and some in the direction of improved 
annealing rates. 

Experiments were made with 0.01, 0.015 and 0.02 per cent 
aluminum. Results obtained indicated little change in physical 
properties with the 0.01 per cent aluminum addition. However, 
with additions of 0.015 and 0.02 per cent a 20 per cent improve- 
ment in ductility, with no reduction in strength characteristics, 
was experienced. 

The above experiments were tried on several occasions and the 
results were the same each time. 

At the time of these experiments work was also done on effect 
of aluminum on rate of anneal. Wedges were poured from iron 
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with and without aluminum and a marked improvement in an- 
nealing time resulted from each addition. The work was not 
done on a quantative basis and therefore the writer can not give 
further information. However, microstructures were taken from 
sections of light castings with an addition of 0.02 per cent alumi- 
num and showed perfect results with a reduced annealing cycle. 
The graphite nodules were considerably smaller and more well 
rounded than the nodules in the untreated iron. 

As a caution to the foundryman the writer would like to say 
that use of aluminum in the malleable foundry is dangerous. In 
foundries producing a variety of section sizes aluminum will tend 
to promote formation of primary graphite in the heavier sections. 
Hence its use is not to be recommended unless close control is 
exercised. 

H. A. ScHwWArtz (Written Discussion): Prof. Heine furnished 
a well organized investigation showing that certain elements 
which combine readily with oxygen, increase the nodule number 
and graphitizing rate of white cast iron. 

Statements in the literature are not rare to the effect that 
deoxidizing elements promote graphitization or that the graphit- 
izing promoters are frequently deoxidizing. 

His experiments with hydrogen seem to dispose of nucleation 
by the oxide of the deoxidizing element as the principal con- 
tributor to the acceleration of graphitization, via an increase 
in nodule number. 

This commentator, together with G. M. Guiler and M. K. 
Barnett, in 1940 published data on “The Significance of Hydro- 
gen in the Metallurgy of Malleable Cast Iron,” Trans. ASM, vol. 
28, p. 811, which showed that an increase in the natural hydro- 
gen content of the metal (as distinguished from hydrogen 
originating from a stream of gaseous hydrogen) decreased the 
graphitizing rate. There is here a certain degree of contradiction 
with the experiments conducted by the present author. This 
contradiction need not necessarily represent a negation of the 
conclusions in the present paper, because it was always shown 
that in general, iron high in hydrogen was also high in oxygen. 

The present author’s use of the form of the sulphide inclu- 
sion as a test of the degree of deoxidation is to this commenta- 
tor extremely interesting. It would seem, however, necessary to 
demonstrate that the form of the _ iron-manganese-oxygen- 
sulphur complex in white cast iron runs parallel to that in steel 
insofar as the oxygen content of the liquid metal is involved. 
Presumably the sulphide form is an indicator of the amount of 
oxygen in the sulphide phase. It does not seem necessary that 
the distribution of oxygen between a sulphide phase and the 
liquid metal phase is necessarily independent of all of the 
other elements which are present in liquid white cast iron and 
are not present in liquid steel. Undoubtedly the micrographs 
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indicate what happens with decreasing oxygen content but 
whether these oxygen contents are actually different from those 
reported in the literature does not seem to be completely 
established. 

Any contribution to the metallurgy of malleable cast iron 
which differentiates between the deoxidizing effect of an ele 
ment and its effect on the graphitization, or conversely proves 
that the two are one and the same, is of the utmost importance 
in clarifying our knowledge of the manner in which alloys 
promote or hinder graphitization. 

This commentator has long wished for data on the effect of 
aluminum on the graphitizing rate of white cast iron which had 
initially been freed from oxygen by vacuum fusion or some 
similar method. So far he has never been able to satisfactorily 
execute such an investigation. 

MIKE LAURIENTE (Written Discussion):* Congratulations are 
extended to Prof. Heine for his timely contribution which 
sheds light on one of the most difficult subjects to investigate, 
namely, affect of dissolved gases on solid metal. His conclusion 
that oxygen is related to carbide stabilization is supported by 
the writer from experience with malleable iron. 

Impracticability of chemical analysis alone for determining 
annealability of malleable iron has been demonstrated many 
times in the foundry, especially in cases of oxidized heats 
indicated by low silicon, carbon and manganese analysis. Even 
though the chemical analysis requirements can be met by so 
called “doping the heat,” in many cases there still will exist 
this resistance to anneal. From what has been presented by 
Prof. Heine, it would seem then that controlled usage of 
suitable deoxidizers would find useful application for the treat- 
ment of oxidized heats. 

P. F. UtmMer (Written Discussion) *: Apparently the effect of 
low temperature seeding or establishing nuclei suitable for 
deposition of graphite at higher temperatures has not been 
considered a factor which may produce some of the effects noted 
in this paper. This prior treatment is especially effective in 
producing small rounded temper carbon particles. Figure 31 
at 100-x is self-explanatory. Iron from the same heat and 
quite probably the same ladle was used for all the samples 
shown. 

No tests have been made in this laboratory to check the 
effect of a 30-hr treatment on the control iron without the prior 
quench from 1700 F. 

We have also found that the time necessary for first stage 
graphitization under fixed conditions varies with the size of 
the massive carbides which in turn vary inversely with the 
cooling rate during solidification. 

Figure 32 shows the effect of cooling rate as influenced by 
section in the same casting. The casting used was a step bar 
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A(Tor)—HEAvyY SECTION AS-CAST. 
C (Bottom)—THIN SECTION AS-QAST. 


with a 14-in. thick section on one end and a 11/-in. thick 
section on the other. 

Pieces from both the heavy and light sections were placed in 
a pot and heated to 1700 F for 5 hours and air cooled. The 
samples shown are white iron having the following analysis: 

Cc Mn Si Mo 
2.38 0.34 1.03 0.34 

First stage graphitization was complete in 3 hr in the light 
section in the same iron with no molybdenum addition. Iron 
was regular white cast iron air furnace melted, with no attempt 
to control oxidation or deoxidation. 

Our experience also shows that aluminum acts as a powerful 
graphitizer. As such we feel it would materially shorten first 
stage graphitization. Whether this is due to deoxidation or 
because of the reduced solubility of carbon in the iron-alumi- 
num alloy is at least questionable. 

J. L. YARNE (Written Discussion)*: I suppose that many of 
you asked yourselves the same question that I did after reading 
this interesting paper—“What will aluminum do when added 
to a standard malleable iron?” It is important to remember 
that the melting practice used by Prof. Heine differed consider- 
ably from normal air furnace melting. In his work Prof. Heine 
had remelted pearlitic malleable iron in an induction furnace. 
In ordinary practice the melting charge consists of pig iron, 
malleable scrap, foundry returns, and steel. In addition to the 
variable introduced by the charge we must consider the effect 
of the slag in the air furnace. All of these factors may have a 
pronounced effect on the metals subsequent behavior. 

Professor Heine’s work was done on a pearlitic malleable type 
iron having a higher percentage of manganese than ordinarily 
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present in standard malleable iron. This may have some im- 
portance in response to aluminum. However, what I wish to 
add are some of the observations that we made in making 
aluminum additions to our standard malleable iron. In our 
tests we added the desired amount of aluminum to a 50-lb hand 
ladle of iron. The iron was poured into standard test bar molds. 

Additions of 0.03, 0.09, 0.15 and 0.30 per cent aluminum 
were used. The amounts were duplicated in three different 
heats of iron. Analyses were as follows: 


Heat No. Cc Si Mn S P Cu 
224 2.38 0.96 0.35 0.109 0.140 0.13 
227 2.30 0.99 0.33 0.112 0.142 0.12 


235 2.44 1.00 0.32 0.096 0.155 0.14 

The test bars were heated to 1650 F for first stage graphitiza- 
tion. Samples were removed after 15 hr, 26 hr, and 42 hr at 
temperature. It was observed that in all cases where aluminum 
was used, first stage graphitization proceeded more rapidly 
than in the absence of the addition. At the end of 15 hr the 
standard iron had considerable amounts of free carbide. The 
0.03 per cent aluminum addition increased the speed of graphi- 
tization, but not as effectively as the larger amounts. However, 
an interesting phenomenon occurred. Although the massive 
carbides disappeared rapidly, in all samples containing alumi- 
num, there were small islands of carbides which persisted even 
after 42 hr at 1650 F. These carbide particles were not present 
in the aluminum-free samples after 26 hr. A check with alkaline 
sodium picrate etch established that the particles were carbides. 
This occurred in all three heats. 

It was observed also that when 0.30 per cent aluminum was 
used, primary graphite occurred. Furthermore, annealing 
caused graphitization to proceed in flake form rather than as 
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nodular graphite. Although no primary graphite was observed 
with the 0.03, 0.09 and 0.15 per cent addition of aluminum, the 
subsequent nodules were more like an agglomeration of stubby 
flakes than the normal nodules in the aluminum-free iron. 


With the 0.03 per cent addition the nodule size increased , 


slightly. With the higher additions the nodules decreased pro- 
portionately. 

The most remarkable effect of aluminum was during second 
stage graphitization. For convenience, second stage graphitiza- 
tion was accomplished by holding the metal at 1330 F. Without 
the aluminum addition, it was found that 36 hr were required 
to completely eliminate pearlite. However, in the cases where 
0.09, 0.15 and 0.30 per cent aluminum had been added, second 
stage graphitization was complete in 15 hr. With the 0.03 per 
cent addition second stage graphitization required 30 hr. 

Even after second stage graphitization was completed, the 
small initial carbides that persisted after the first stage could 
still be observed (Fig. 33). 





Fic. 33—PuHoToMICROGRAPH OF 0.09% ALUMINUM ADDITION IRON. THIS 
BAR WAS HEATED AT 1650 F For 42 HRS AND AIR QUENCHED, THEN 
HEATED AT 1330 F For 5 urs. THE SMALL PARTICLES ARE LAMELLA AND 
SPHEROIDS OF PEARLITE. THE THREE LARGE PARTICLES ARE THE CARBIDES 
REFERRED TO IN THE TEXT. 500, Picrat Etcnu. 


Tensile tests were run on these bars and the results were as 
follows. (The figures given are averages of 6 bars in each case) . 


Yield Ultimate % 
Strength Strength Elongation 

Type of Iron Psi Psi in 2 in. Remarks 
Standard iron 37,850 53,050 18.0 

0.03% Al add. 37,700 19,650 14.4 

oe ” ” 37,300 51,320 16.8 

015%” ”* 36,400 42,200 6.1 Shrinks 
Fo Seaamnnes 33,980 39,000 3.2 2 


It will be observed that the 0.15 and 0.30 per cent aluminum 
addition gave disappointingly low results which may be attrib- 
uted to the presence of shrinks. In all cases the bars having 
more than 9.09 per cent aluminum had internal shrinks. 

It is not intended that the above work should be considered 
conclusive. It is hoped that these results may stimulate further 
investigation. 

I would like to call attention to the type of graphite that 
was present when aluminum was used. It should be emphasized 
that in our tests the resulting graphite, even when in nodular 
form, had the appearance of agglomerated flakes. I believe that 
the manner in which graphite forms is inherent in the metal 
and depends on many variables that are introduced in melting. 
It is possible that aluminum tends to introduce flake-type 
graphite. 

It has been demonstrated that in the case of spherulitic 
graphite produced by magnesium treatments, that even when 
very few nodules exist in the as-cast form, subsequent annealing 
develops new spherulitic nodules and the graphite continues to 
develop as spherules. Our own experience has shown this to be 
true even in cases where the metal had solidified almost entirely 
white. It is just as conceivable that the reverse of this may be 
true where aluminum is used, thus there may be an inherent 
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tendency for flaky precipitation. If this is true, then the physical 
properties of such iron may be lower as a consequence of the 
discontinuities introduced by the flakes. 

Mr. Herne: First of all, I would like to say that I am not 
advocating anything. This is just laboratory work and I realize 
it. However, it does present a few starting points. I would like 
to see some foundry work done on it because that is the only 
way anybody can tell whether it is worth anything in a practical 

yay or not. I agree with Mr. Schauss that use of aluminum 
may be dangerous; then again it may not be. It is something 
like the situation in the steel industry 25 or 30 years ago. There 
were some foundries that could not make castings by using 
aluminum additions; they always obtained poor physical proper- 
ties. Then there were other foundries that swore by it and did 
not want to get along without it. 

At the present time, we find that deoxidation of steel for 
casting uses is common and the reason is that the phenomena 
is better understood. Perhaps the situation would be the same 
with the use of deoxidizers in the malleable iron field, if they 
ever are used. 

CHAIRMAN JOSEPH: We had to use a lot of rusty scrap many 
years ago and found that rusty scrap produced hot cracks and 
tears in some castings. So we used aluminum in the amounts 
of 0.005, 0.010, 0.015 and 0.02 per cent and found that it did not 
seem to eliminate the hot cracks. I cannot understand why it 
did not do so because we thought the oxygen in the rusty metal 
was higher than it was when the melting material was clean 
and free from rust. We found that we could not use over 0.020 
per cent aluminum otherwise we had primary graphite in the 
type of iron that we produced. I understand some foundries 
have been able to use much more aluminum but that depends 
entirely upon the type of ‘iron poured. 

W. G. Ferreti:* I wish to concur with Mr. Joseph on the 
use of aluminum in malleable iron. For years we used aluminum 
on two castings and found the practice detrimental. Mr. Joseph 
expected it to eliminate hot cracks. We found the reverse true 
in steel castings. As Mr. Schauss said, you begin to get structures 
that tend to cause hot cracks. 

Contrary, too, we found use of aluminum of no help in 
graphitization of the iron, particularly in the second stage. We 
found we could not break down the pearlitic structure and 
retained it after 100-hr anneals. So I recognize that aluminum 
should be used sparingly or avoided entirely. 

Mr. Heine (Author’s Closure): I wish to express my appre- 
ciation for the comments of Messrs. Schauss, Schwartz, Lauriente, 
Ulmer, Yarne, Ferrell, and Joseph. 

With regard to Mr. Schwartz’ question of a possible contradic- 
tion between his work and the author's in the results obtained in 
the annealing of hydrogen treated irons, it is thought that no 
conflict exists. The author attempted to make it plain that the 
graphite structure shown for an annealed hydrogen-treated iron 
was produced only after a 600 F pretreatment had been applied 
for the purpose of permitting the excess hydrogen to diffuse 
out of the iron. The author is in complete agreement with Mr. 
Schwartz that a white iron high in hydrogen as well as oxygen 
is one which is decidedly more resistant to graphitization than 
one low in percentage of these elements present. 

Mr, Schwartz’ question regarding the use of inclusion distri- 
bution as a test for deoxidation receives some clarification from 
“Effects of Various Deoxidizers On The Structures of Sulphide 
Inclusions,” by Sims, Saller, and Boulgers, pp. 233-248. The 
present author expects to publish some further work on this 
question of inclusions versus deoxidation in cast irons. 

Ihe author wishes to take exception to some of Mr. Ulmer’s 
comments. It is not true that “low temperature seeding” was 
not considered as a factor here. The treatment of aluminum- 
containing heats was the same as those containing no aluminum. 
Considerable point was made of the fact that deoxidation with 
hydrogen produced the same effects as deoxidation with elements 
that produce non-metallics. When hydrogen was employed so 
that deoxidation did not occur, the effects attributable to deoxi- 
dation with the other elements were absent. In the case of 
hydrogen treatments, non-metallic inclusions which might cause 
seeding are not formed. Mr. Ulmer’s statement that aluminum 
is considered a powerful graphitizer has often been made by cast 
iron metallurgists. Nevertheless, this viewpoint has not been 
substantiated by experimental investigation. Contrariwise, the 
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arbide stabilizing characteristics of aluminum have received 
estimony in the literature. Mr. Schwartz has published the 
statement that alloys (white iron) containing several per cent 
iluminum are ungraphitizable.* The carbide forming nature of 
iluminum and its effects on shifting the eutectoid per cent car- 
on to the right on the equilibrium diagram, i.e., greater rather 
han reduced solubility of carbon in gamma iron, has been 
pointed out in a paper by Shapiro and Strauss.** It thus appears 
that unqualified statements to the effect that aluminum is a 
powerful graphitizer are subject to considerable doubt. The 
same doubts are valid in the case of titanium, vanadium, boron 
and zirconium. Rather, the graphitizing power of these elements 
in small amounts are primarily related to their deoxidizing 
ability. The work of Mr. Yarne bears testimony to the carbide 
forming nature of aluminum in malleable irons. The small 
particles of carbides which he shows in Fig. 33 are undoubtedly 
evidence of the alloying effect of residual aluminum not con- 
sumed in deoxidation. 

Many thanks to Mr. Yarne for his contribution. The influ- 
ence of aluminum additions on properties of malleable irons 
has in the past been considered extremely erratic. Schwartz and 
also Hruska have shown that small additions, less than 0.05 per 
cent, usually improve tensile and elongation values while larger 
ones cause deterioration. The results, however, are not depend- 
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able. The differences in response to these small additions ob- 
tained by the various investigators is primarily due to differences 
in the initial state of oxidation of the metal. It is thus difficult 
to say that an addition of a certain percentage of aluminum will 
produce a certain effect and that one consistently. Comparison 
could only be made if a standard state of oxidation were 
achieved and even then only if the degree of oxidation is suffi- 
cient so that a definite deoxidizing effect is obtained. It is the 
author’s opinion that Mr. Yarne’s work was done in an iron 
that was only slightly oxidized while that of Schwartz and of 
Hruska on irons that were more highly oxidized. For that rea- 
son, the former did not obtain any improvement in properties 
while the latter two did with small additions, The author is 
grateful to have had this question raised by Mr. Yarne’s work. 
It has aided in clarifying the importance of the initial degree 
of oxidation of the metal prior to the addition. 

The author does not understand why a deoxidizing addition 
would be expected to alleviate hot cracking problems. 

Appreciation is again expressed to all who commented. 

* “Solved and Unsolved Problems in the Metallurgy of Blackheart Malle- 
able. H. A. Schwartz, The Foundry, July 1948. 

** “The Influence of Various Elements upon the Position of the Eutectoid 
in the Iron-Carbon (Carbide) System,’’ Shapiro and Strauss; A.I.M.E. Metals 
Technology, Dec. 1943. 














A STUDY OF INSULATING AND MILDLY EXOTHERMIC 
ANTIPIPING COMPOUNDS USED FOR STEEL CASTINGS: 


By 


S. L. Gertsman** 


ABSTRACT 

A study has been made, by the Canadian Bureau of Mines, of 
the more commonly used mildly exothermic and insulating type 
of antipiping mateérials. A standard casting was designed and a 
series of tests were carried out. Information was obtained on the 
thermal characteristics produced in the riser metal, the mini- 
mum size of riser that can be used for the standard casting with 
each compound, the type of shrinkage cavity produced in the 
riser, and the length of time required for the top of the head to 
freeze. It was found that the temperature gradient in the cast- 
ing is reduced considerably by use of these compounds. The 
method outlined in the paper can be employed by foundrymen 
as a standard to evaluate the efficiency of any new compounds of 
this nature. 


Introduction 
MANY STEEL FOUNDRIES HAVE ADOPTED the prac- 
tice of using antipiping materials. These compounds, 
usually of insulating or mildly exothermic type, are 
employed to cover open risers in order to prevent radi- 
ation of heat to the atmosphere which might result in 
premature freezing-over of the riser. If a feeder head is 
to function at its maximum efficiency, atmospheric 
pressure must be allowed to act on the molten metal. 
Further, it is usually found that by far the greatest 
amount of riser is used for its mass effect in preventing 
solidification before the casting freezes. It is said that, 
by keeping the metal hot, and sometimes by an actual 
change of chemical composition in the head, the anti- 
piping compounds increase the length of time that the 
metal in the riser is liquid, and also increase the 
fluidity of the metal. A decrease in the size of risers 
should be possible by use of these compounds. In 
considering efficiency of antipiping compounds, the 
location of the area of any change in the chemical com- 
position of the metal would have to be considered, to 
ensure that no change has occurred within the casting. 
A variety of these compounds have appeared on the 
market in recent years. Several of the more commonly 
used materials were obtained and were submitted to a 
series of tests. These tests were designed to give in- 
* Published by permission of the Director, Mines, Forests and 
Scientific Services Branch, Department of Mines and Resources, 
Ottawa, Canada. 
** Physical Metallurgist, Physical Metallurgy Research Labora- 
tories, Division of Mineral Dressing and Metallurgy, Bureau of 
Mines, Ottawa. 
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formation on the thermal characteristics produced in 
the riser metal, the minimum size of riser that can be 
used for a standard casting, the type of shrinkage cavity 
produced in the riser, and the length of time required 
for the top of the head to freeze over. It was hoped 
that some fundamental characteristics would be un- 
covered which could be related to the behavior of the 
different types of compounds. 


Compounds Investigated 
The types of compounds investigated are listed in 
Table 1, and the code number which is shown for each 
is retained throughout this paper. 


TABLE 1—ANTIPIPING COMPOUNDS INVESTIGATED 





Type of Compound 





Code Number 


| Chloride salts, irreducible oxides, small quan- 
tity carbonaceous matter, and some iron oxide. 


2 — Nitrate salt, aluminum, carbonaceous matter. 
irreducible cxides, and some iron oxide. 

3 _— Chloride salts, aluminum, irreducible oxides, 
carbonaceous matter, and a small quantity of 
iron oxide. 

4 -- Nitrate salt, aluminum, iron oxide, and inert 
filler powder. 

5 _ Nitrate salt, silica, and carbon. 

6 — Oat hulls. 

7 — This code number signifies that no antipiping 
compound was used. 

8 — Nitrate salt, silicon, and a mixture of iron and 


chromium oxides. 








Furnace Practice 


Mild steel was used for all the tests. The steel was 
produced by induction melting, using crucibles lined 
with a basic refractory. Melts varying in size from ap- 
proximately 35 to 500 lb were made during the course 
of this investigation. —Two pounds of aluminum per 
ton was always used in the final deoxidation of the 
steel. A typical charge for a small heat of steel is 
as follows: 


49-19 
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3014 lb 0.25 carbon steel ingot, 
4 ” wash metal (4.50 per cent carbon), 
4 ” ferrosilicon (47.59 per cent silicon) , 
z aluminum. 


% 


~ 


Molding and Pattern 
The standard casting consisted of a 314-in. diameter 
‘ylinder having a height of 314 in. The diameter of 
ihe open riser was always constant at 414 in. A 1Y4-in. 
diameter sprue was used and a 3-in. long runner led 
the metal from the sprue into the bottom of the cast- 
ing. Figure | shows a casting with a 4-in. high riser. 








Fig. 1—Standard casting, with 4-in, high riser. 
Approximately Y4 actual size. 











The molding flasks were 12 x 14 in., having a cope 
and drag each 4 in. in height. For some tests, two cast- 
ings were poured into a flask. These castings were 
kept 3 in. apart. Used sand, Kingston No. 45, was 
employed, and a silica wash was sprayed on the mold 
surface. All molds were thoroughly dried before metal 
was cast in them. 


Weight of Exothermic Material Used 

In order to get a rough approximation of the weight 
of compound to use, 4 oz of each compound was spread 
and tamped lightly down on the bottom of a round 
container 414 in. in diameter. The height of the com- 
pounds was then measured. All except the No. 6 and 
No. 8 compounds (Table 1) varied from 14 to % in. 
in height. No. 8 was less than 4 in., and No. 6 (oat 
hulls) was 214 in., in height. 

From the above it was considered that 4 oz of com- 
pound would be approximately the amount that the 
foundryman would use in the plant for a 414-in. diame- 
ter riser. In the case of the No. 8 compound, however, 
f oz would not cover the riser properly, hence 8 oz of 
this compound was used in most of the comparative 
tests that were carried out in the investigation. 

To check whether 4 oz of compound was satisfactory 
under actual casting conditions, a series of molds were 
made up (two in a flask) having 4-in. high risers. 
After filling the molds with steel, 4 oz of compound 
was placed on the top of one casting and 8 oz on top 
of the other. It should be mentioned here that the 
compounds were always placed on the top of the riser 
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just before the molten metal stopped moving. After 
solidifying, the castings were cut open and given a 
deep etch. Figure 2 illustrates the results obtained 
prior to the deep etch. The castings on the left had 4 
oz of compound. The castings on the right had 8 oz 
of compound. Figure 3 shows these same castings ar- 
ranged in the same order after being etched in 1:1 
hydrochloric acid. It will be observed, from the depth 
of shrinkage produced in the riser, that similar results 
were obtained for each set of the five compounds tested 
except No. 4. Eight ounces of this compound pro- 
duced a pipe approximately 5% in. shorter than when 
4 oz was used. No segregation was evident in any of 
the castings except those which had No. 5 compound. 
Here an appreciable carbon pick-up was observed. 
This was later established by chemical analysis. 





N®3 








Ne 5 

Unetched Deep Etched 
Fig. 2 (Left) and Fig. 3 (Right)—Castings at left in the 
unetched and etched condition had 4 oz of compound, 
those at right in unetched and etched condition had 8 
oz of compound. Approximately \% actual size. 
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Since 4 oz appeared to be satisfactory for the majori- 
ty of the compounds, this quantity was used for the 
first series of tests for all the compounds other than 
No. 8 (8 oz of this material was used). 


Effects Due to Variation in Riser Height 

A series of molds were rammed having riser heights 
of 1, 2, 3 and 4 in. (riser diameter always 414 in.). ‘Two 
castings were placed in each mold. Separate heats 
were poured for each series of four molds; i.e., 1-in. 
high risers were all poured from the same heat, 2-in. 
high risers were poured from another heat, and so on. 
The pouring temperature of the metal was kept con- 
stant at 2948 F +10 F (1620 C) and was measured by 
using an immersion pyrometer, consisting of platinum- 
platinum 13% rhodium, sheathed in a fused silica 
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tube. This was attached to a temperature controll 
which recorded the temperature automatically. 

Four ounces of compound was added to each of th 
risers, except in the case of the No. 8 compound (Tabi 
1). 

After gamma-ray pictures were taken, the casting 
were cut in half and photographed. Figure 4 illu 
trates the results that were obtained. No. 7 in th 
picture is the standard; it has no compound on to; 
of the riser. The No. 8 compound is separated fro1 
the others to emphasize the fact that 8 oz of this con 
pound was used. 

It will be observed that with l-in. risers the shrink 
age extended into the castings for all of the com 
pounds. The 2-in. riser tests show solid castings fo) 
compounds No. 1, 2, and 5. The others produced 
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Fig. 4—Showing variation in riser heights. Approximately 14 actual size. 
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é ome shrinkage in the casting. All the castings having 


ind 7 (no compound). The 4-in. riser castings were 
Jl solid. The shrinkage in the riser for compounds 
No. 7 (no compound) and 8 extends close to the top 


_in. risers were solid except for compounds No. 6, 8, COOLING CURVE APPARATUS 
































v of the casting. wr 
Although 8 oz of the No. 8 compound. has been 
h used, it still reacts the same as if no compound was ; 
dj employed. A metal skin evidently forms at the top, Re is hemes 
1 sealing off the liquid metal in this riser from atmos- 
7 pheric pressure. 
It is interesting to note the appearance of the risers 

k which have the No. 5 compound. The molten metal eines 
n appears to have fallen uniformly across the riser di- 
0} ameter. The etched samples shown in Fig. 3, and the 
ad chemical analyses given in Table 2, illustrate the rea- 

son for this appearance. The higher carbon material 

from the top, having a lower freezing point and greater yp se 
¢ fluidity, fills up the cavity produced by the contrac- 

tion of the low carbon steel in the riser as the latter 

freezes. 





Effects on Chemical Composition of the Riser 
Due to the Antipiping Compound 


It will be observed, by a comparison of the castings 
before and after etching (Fig. 2 and 3), that there 
appears to be no segregation or change in composi- 
tion in any of the compounds, with the exception of 
No. 5. 

To check this further, a series of chemical analyses 
were made on 4-in. riser castings where 4 oz of com- 
pound was used (all except No. 8). Drillings were 
taken from the risers at points which correspond to . 
the No. 8, No. 9, and No. 10 thermocouple positions. 
[hese are the points where the cooling curves were 
recorded as shown below and in Fig. 5. (No. 8, 9 and 
10 correspond to those on the multiple switch which 
was used.) Drillings were also taken at the bottom of 
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the casting. These latter should represent the actual 
analysis of the heat of steel used. Figure 6 illustrates 


TABLE 2—-CHEMICAL ANALYSIS OF CASTING RISERS 


Fig. 5—Apparatus for cooling curve measurements. 

















Phospherus 0.048 0.050 0.050 0.050 0.034 0.032 0.033 0.033 0.044 0.043 0.044 


COMPOUND NO. 1 COMPOUND NO. 2 COMPOUND NO. 
Element Position No. Ps Position No. Position No. _ 
o ae 9 10 B ..: - 10 “B ta sa% 
Carben 0.23 023 024 023 024 024 026 025 029 4029 ~~ # 0.30 
Manganese 0.37 0.36 0.36 0.36 0.36 0.32 0.30 0.34 0.32 0.34 0.33 
Silicon 0.91 093 0.93 0.91 0.70 0.70 0.70 0.70 0.77. 0.77 ~=+0.76 
Sulphur 0.011 0.013 0.012 0.013 0.033 0.032 0.030 0.030 0.040 0.04 0.040 


3 COMPOUND NO. 4 





Position No. 

~10— B 8 9 10 
0.28 031 029 030 + 0.30 
0.38 0.60 0.69 0.69 0.68 
0.76 0.39 0.35 0.37 0.35 
0.040 0.030 0.034 0.036 0.034 
0.043 - 0.046 0.045 0.045 0.044 








Tas_e 2 (Cont.) 





COMPOUND NO. COMPOUND NO. 


or 





6 COMPOUND NO. 8 





















0.030 


Phosnhorus 








Position No. Position No. Position No. 
Element At Center, iistance 
from Riser Surface B 8 9 10 B 8 9 10 B 8 9 10 
4 in.-l in. 3 in. 
Carbon 1.41 0.34 0.23 0.27 0.22 0.25 0.31 0.30 0.30 0.29 0.29 0.28 0.26 0.30 
Manganese 0.49 0.49 0.49 0.48 0.60 0.58 0.58 0.58 0.25 0.27 0.27 0.26 
Silicon 0.44 0.42 0.43 0.42 0.41 0.39 0.37 0.37 0.35 0.81 0.81 0.81 0.81 
Sulphur 0.018 0.018 0.020 0.019 0.030 0.029 0.027 0.028 0.030 0.033 0.035 0.030 


0.030 0.040 0.039 




















336 








Fig. 6—Positions for chemical analysis. 











the various positions. In addition, for No. 5 com- 
pound, drillings were taken 14 in. from the top surface 
at the center of the casting, and at a point 3 in. from 
the top and also at the center. 

Table 2 lists the results obtained. No segregation 
occurred at any of the points tested’ for any of the 
compounds used, with the exception of No. 5. With 
this compound at the top position, 4 in. below the 
surface, 1.41 per cent carbon was obtained. Since a 
34-in. drill was used, this percentage of carbon is an 
average of the carbon content from % in. to a point 1 
in. from the riser surface. It is interesting to note that 
at the No. 8 position, which is 114 in. from the top 
but over to one side, the carbon content is 0.27 per 
cent. The drillings which were taken 3 in. from the 
surface, using a 14-in. drill (in the center at a point 
above No. 10 position), gave 0.34 per cent carbon, 
indicating that there still is some carbon pick-up in 
the metal at this position in the riser. No significant 
carbon pick-up has occurred at the No. 8, No. 9, or 


- 


No. 10 position, for the No. 5 compound. 


Cooling Curves 

Cooling curves were obtained at three different 
points in the riser for each compound. A series of cast- 
ings were poured having 4-in. risers. One casting was 
made in each flask. Figure 5 illustrates the arrange- 
ment of the thermocouples in the mold. Platinum- 
platinum, 13% rhodium wire was used. These wires 
were protected by fused silica tubes, 0.283 in. O.D. 
and 0.181 in. I1.D., having a wall thickness of 0.051 in. 
The lead wires were attached to a multiple switch re- 
corder which, in turn, was connected to a temperature 
controller. The No. 8 thermocouple is closest to the 
open top of the riser, being 214 in. from the riser-cast- 
ing junction. No. 9 is 114 in. from the top of the cast- 
ing. Both thermocouples are 114 in. away from the 
side wall of the mold. The No. 10 thermocouple is 
in the center at the casting-riser junction. These num- 
bers identify the above three thermocouples in all of 
the cooling curves that have been drawn. The loca- 
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tion of these thermocouples was maintained by use of 
a wooden gauge. 

Before pouring, a temperature test was taken with 
a fourth thermocouple which was also attached to the 
multiple switch recorder. The pouring temperatur¢ 
was then recorded on the recording pyrometer chart 
and was kept as uniform as possible. The melt wa 
heated up in the furnace to 2948 F (1620 C); th: 
power was then turned off, and the molten metal wa: 
poured immediately into the mold. The multipk 
switch was turned to No. 10 so that the temperature at 
No. 10 position was the first to be recorded. After 20 
sec the No. 9 position was switched in, and afte 
another 20 sec, No. 8 was turned on. The three posi 
tions were altered regularly at 20-sec intervals so that 
a staggered interrupted curve was plotted by the re 
cording pyrometer for each of the three positions, that 
is, at any one position the automatic pyrometer re- 
corded for 20 sec, lapsed for 40 sec, and so on. 

From each chart produced by the recording pyrome- 
ter a series of three continuous curves (one for each 
position) was plotted. The points used in these curves 
were those which corresponded to the last point of 
each 20-sec interval. Figures 7 to 14, inclusive, show 
the curves obtained at the No. 8, 9 and 10 positions 
for each compound, It is recognized that a certain 


NO COMPOUND 
HEAT N® S99 


-<-o ne 68 

o-oo ne 9 

-e-e-e- ne 1 

ee oc 
soo2 1630 





‘ 2 3 a Ss os 7 é ) oe 1 2 8s + Ss & IT 8 so 20 
TIME IN MINUTES 


Fig. 7 


N® | COMPOUND 
HEAT NO 551 


ooo «NOS 


oo NPD 
-e-ee- NeI0 


Ff 
3002 
2912 

2622 
2732 
2642 


2532 


2372 
2262 


292 





(eteesseesteeereeegegeee#eeaekeewee@kgasn6é ees 
TIME IN MINUTES 


Fig. 8 





_y 


an 
sil 
tit 


fe) 
tel 
co 
fir 
fre 











S. L. GERTSMAN 




















PT TTI LTT rririgti rT) ) 
4 4 4 4 4 4 = 4 4 | 
} | ae | | 7 . . ?. oon 
=e ae 4 = = L entpnenil 
N° 2 COMPOUND = | 
HEAT NP 574 ee | 
} i] eK ] 
} 68 | 
ee ee ae ee ee bee ai res PTE coe Ges Sen SS 
itn Wwe . | 
ppt tt —— = 





46 
72 
282 
92 1200 L : | distil Swe ee eS ee ee ee 
4 5 6 8 8 3 4 1 6 6 2 
Time N Mite € 
Fig. 9 
Ss 
oe + T - 
| | 
bon 2 + fd 
N® 3 COMPOUND 
+ _— + 4 HEAT NO 575 + 
+ ne 6 
r T T _ a-_ T ooo ne 9 T T 
-ee-<-. VP 10 
ee © 
3002 1650 |__|} __| 4 4 I cial 
912 1600 4 4 + 








—e , —>———_—7 ——$—— 
| ~ + + +} + > $$ +++ + ~—+— -++—_—_+—_+ ome 
a ee ee eee ee ee ee eae 
N° 4 COMPOUND 
| 4 4 i = a HEAT NO 57: eee ee eee 
| ] 
| eee NOS 
Po" a CE Or Te Ts 
-e-e-e- Neo | } 
id a - - - -—_—_+—_+—_—| = 7 —+ + + 
3002 
912 
PB22 
732 
a4 
‘S52 
246 
237 
262 





200 J 1 1 1 1 =e Banta = a 4 4 
3 a bo) 6 7 8 9 ° ‘ i 4 «615 6 8 9 20 
TIME IN MINUTES 
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amount of cooling of the metal will result due to the 
silica tubes in the mold. This cooling will be rela- 
tively constant, however, for all the tests carried out. 

It will be observed from the curves that for the first 
few minutes No. 10 has the lowest temperature. The 
temperature at this position thereafter varies with the 
compound used. It is believed that this is caused at 
first by loss of heat due to radiation, then the heat 
from above and the sand walls keeps the metal warm 
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to varying extents depending on the type of compound 
used. 

An arbitrary line has been drawn through the curves 
at 2675 F (1468 C) to represent the approximate freez- 
ing point of mild steel. This freezing point was esti- 
mated from the carbon-iron equilibrium diagram.* 
It should be pointed out that this freezing temperature 
in the riser may vary for any compound that produces 


* A. S. M. Metals Handbook, 1948, p. 1181. 
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a change in the chemical composition of the metal. 
As was shown previously, no change in chemical 
composition was observed for any of the compounds 
at the three positions tested, other than the relatively 
small changes in the chemistry of the different heats of 
metal used. The carbon segregation shown for the No. 
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5 compound does not extend laterally to the No. 8 and 
9 positions and does not reach the No. 10 position 
longitudinally. 

Some general observations can therefore be made 
using this arbitrary freezing temperature. Table 3 
lists the total length of time taken for freezing be- 
tween the slowest and the fastest freezing points ot 
the three positions in the riser that were measured. 
The position which takes the longest time to freeze is 
also recorded in Table 3. It can be seen that the great- 
est temperature differential occurs when “no com- 
pound” is used, since the difference between the slow- 
est and fastest cooling points is 5.2 min; that is, with 
reference to Fig. 7, the temperature shown for posi- 
tion No. 8 at the end of 10.2 min is 2354 F (1290 C) 
as compared with a temperature of 2675 F (1468 C) 
for the No. 10 position. The next in order of length 
of time are No. 8 with 3.9 min and No. 6 with 3.3 min. 
It is interesting to note that these three were the only 
ones that produced a shrink in the casting when 3-in. 
high risers were used. With these compounds the steel 
is also liquid longest at the No. 10 position, which is 
at the riser-casting junction, and this is the reason why 
the shrinkage in the riser is so close to the casting 
when solidification is complete. Although compound 
No. 5 freezes at the No. 10 position last, it has a rela- 
tively small temperature gradient, shown by a shorter 
time differential, namely 1.1 minutes. Also, this com- 
pound, as already mentioned, induces carbon pick-up 
in some vf the riser metal which fills up the pipe to a 
point less than | in. from the casting top. 


TABLE 3 





Time, in min, Position which 





Compound between slowest and is last to 

No. fastest cooling position ons freeze 
l 1.6 9 

2 0.38 9 

3 1.1 9 

1 1.3 9 

5 1.1 10 

6 3.3 10 

7 (“no compound”) 52 10 

8 3.9 10 





Figures 15, 16 and 17 are plotted so that the cooling 
curves for all the compounds can be compared at each 
of the three positions. At the No. 8 thermocouple posi- 
tion , “no compound,” 8 and 6 compounds freeze the 
fastest. No. 1 and 2 are slowest to freeze, followed by 
No. 4, 3 and 5. At the No. 9 position the No. 8 com- 
pound freezes fastest. It is not readily explainable 
why this great difference in No. 8 does occur. A check 
test duplicated this phenomenon. At the No. 9 posi- 
tion, compounds No. | and 2 were again slowest to 
freeze, and were followed by No. 4, 3 and 6 compounds. 
At the No. 10 position the freezing points are bunched 
relatively closely together, only about one minute’s 
difference being observed between the fastest and slow- 
est cooling castings. It is interesting to note that when 
“no compound” was employed this position was the 
last to freeze. 
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Bleeding Tests 

Bleeding tests were carried out by filling the mold 
with metal, placing the 4 oz of riser compound on the 
surface (all except No. 8), and then allowing the mold 
to rest. After a predetermined length of time, a hole 
was punched through the slag crust and the mold was 
immediately tipped over. The length of time prior to 
dumping the mold was varied in the series of tests car- 
ried out with each compound. ‘Table 4 lists the times 
used and shows whether any liquid steel could be seen 
falling out of the riser on tipping. This would then 
represent the time required for a metal crust to form 
over the top of the riser and the maximum time dur- 
ing which atmospheric pressure could exert an in- 
fluence on the feeding characteristics of the riser. 
When “no compound” was used, a solid metal crust 
formed at the top within 30 sec. For the first three 
compounds the riser metal was fluid for 8 to 9 min. 
The No. 5 compound was fluid for 7 to 8 min, whereas 
No. 4 and 6 were fluid for 6 to 7 min. No. 8 compound 
using 8 oz was fluid for 4 to 5 min. This table shows 
the importance of using some type of exothermic com- 
pound to keep an open riser fluid to permit atmos- 
pheric pressure to operate. 


TABLE 4—BLEEDING TEsTs 





Compound Delay limes, minutes 





No. ' 5 6 7 8 9 


Fluid Fluid Fluid Fluid Fluid Solid 
2 Fluid Fluid Fluid Fluid Fluid Solid 
3 Fluid Fluid Fluid Fluid Fluid Solid 
1 
5 











Fluid Fluid Fluid Solid 
: Fluid Fluid Fluid Fluid Solid 
6 Fluid Fluid Fluid = Solid 


7 (no compound)* 
x Fluid Solid 


* When no compound was used a solid crust formed at the top 
of the riser after the first 30-sec delay. 





Further Tests with No. 4 and No. 8 Compounds 
Since 8 oz of No. 4 compound produced a shorter 
pipe in the riser than did 4 oz (see Fig. 3), castings 
were poured using 12 oz and 16 oz of No. 4 compound. 
This was carried out in order to determine the opti- 
mum weight of this compound which would produce 


N? 4 COMPOUND 
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Fig. 18—Effects due to variation in weight of No. 4 
compound. 
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the shortest pipe. Similarly, since poor results were 
obtained with No. 8 compound even while using 8 oz 
of material, castings were poured using 12 and 16 oz 
of this compound to see whether the results would be 
improved. Figure 18, a photograph of the etched cast- 
ings, illustrates the effect of increasing the amount of 
No. 4 compound. It appears that 8 oz of this com- 
pound produces the optimum results. Figure 19 shows 
that for No. 8 compound an improvement results in 
the use of 12 oz, and a slight further improvement for 
16 oz. It will be noted that a solid metal skin forms 
over the top notwithstanding the amount of No. 8 
compound used. 

Bleeding tests carried out with 8 oz of No. 4 com- 
pound showed the riser to be fluid for 7 to 8 min. 
Four ounces of this compound kept the riser open for 
6 to 7 min. One pound of No. 8 compound kept the 
riser fluid for 5 to 6 min as compared to 4 to 5 min for 
8 oz of this material. 


Discussion 

The standard casting used in this investigation is 
gated through the bottom and fed from the top. This 
system of gating is often used by steel foundrymen, al- 
though it is contrary to the theoretical laws of feeding. 
The hottest metal is in the casting surrounded by the 
hottest sand, due to the flow of metal from the gate, 
and the coldest metal is in the head surrounded by 
cold sand and the atmosphere. The fact that a sound 
casting is produced only when a 4-in. high riser is 
employed (approximately a 3314 per cent yield) is 
sufficient evidence to indicate that this method of gat- 
ing and risering is inadequate for production, unless 
some means are exercised to correct the inverted tem- 
perature gradients. It may be seen, from the cooling 
curves for “no compound” (Fig. 7), that a large tem- 
perature gradient exists between the three positions in 
the riser. For example, as shown previously, after 10.2 
min a temperature differential of 321 F exists between 
positions No. 8 and 10, with No. 8 being the coldest. 
This method of gating was used in the present study 
since it produced such a poor temperature distribu- 
tion in the riser. The effects created by using the 
mildly exothermic and insulating type of compound 
could then be more readily determined. 
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Fig. 19—Effects due to variation in weight of No. 8 
compound, 
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It can be seen from the series of curves that the tem- 
perature gradient is reduced markedly by certain of 
the compounds examined. Better results may be ex- 
pected, from the standpoint of riser-to-casting yield, 
by a reduction of this gradient. 

A method is demonstrated in this investigation 
which should prove to be a valuable research tool, 
namely the use of a series of immersion thermocouples 
to obtain actual temperatures in molten metals from 
the molten to the solid state, at various points in the 
casting (Fig. 5). The effect of insulating pads, mold- 
ing material, and other conditions on the temperature 
gradients in the casting can be studied from this 
standpoint. Several precautionary measures, however, 
should be observed. The tips of the silica tubes tend 
to deform in an upward position when placed hori- 
zontally in the mold, with the method of gating used 
in this investigation. It was felt that this deformation 
was caused by the rise of metal in the mold during 
pouring: the silica tube was softened by the heat, and 
the metal rising in the mold would pull the unsup- 
ported tip upwards. It was also found that the thermo- 
couple at the riser-casting junction (No. 10) had to be 
placed in an inverted position, as shown, in order to 
prevent distortion. No trouble was encountered with 
positions No. 8 and 9. Corroborative evidence of the 
exact position of the thermocouples in the casting was 
in every case obtained by radiography. It would then 
appear that 214 in. is about the maximum length of 
thermocouple (No. 9 position thermocouple shown) 
that can be left in an unsupported position when the 
metal flow is opposed to the fused tip of the silica tube. 
When the metal flows in the same direction as the tube 
is inserted in the mold (thermocouple in No. 10 posi- 
tion), satisfactory results are obtained for an exposed 
length of 314 in. of tube. There is every reason to 
believe that this length could be further increased if 
necessary. 

It is strongly recommended that when trying out any 
new antipiping compound in a foundry a standard 
casting should be poured. It should then be cut 
through and etched. The size of pipe can then be 
determined, and also the area of chemical change. The 
No. 5 compound studied in this investigation has 35 
per cent of a carbonaceous material. In the unetched 
condition this would appear to be an excellent com- 
pound. When etched, however, it is found that this 
compound induces a carbon pick-up that might well 
extend into the casting if an insufficiently high riser 
is used. 


Conclusions 


1. If bottom gating and top feeding are to be em- 
ployed in practice, it is essential to use some type of 
antipiping compound to ensure a solid casting with a 
reasonable yield. Antipiping compounds could be ex- 
pected to produce improved results with other systems 
of gating and feeding, using open risers. 

2. The antipiping compounds examined decrease 
the temperature gradient in the riser. 

3. The length of time during which atmospheric 
pressure can exert an influence is significantly in- 
creased by use of the antipiping compounds. When 
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“no compound” was used a skin formed within the 
first 30 sec after pouring. The materials tested kept 
the top of the riscr op<n for periods varying from 4 to 
9 min. 

4. Compounds No. | and 2, which gave the best 
results when used on castings having 2-in. high risers, 
also produced the hottest metal at the No. 8 and 9 
positions in the riser. 

5. Complete directional solidification from the cast- 
ing toward the top of the riser was not achieved in 
any of the tests carried out. 

6. Care has to be taken that sufficient material is 
used. If not enough compound is added to the riser, 
the results may be as poor as if no compound .were 
employed. 

7. For five out of the scven materia!s tested, dou- 
-ling the quantity of compound used produced no im- 
pro*ement in the results obtained. 


DISCUSSION 


Chairman: CLyp—e WyMAN, Burnside Steel Foundry Co., Chi- 
cago 

Co-Chairman: ©. Berry, Dodge Steel Co., Philadelphia 

H. H. Fairrietp (Written Discussion):' The author is to be 
commended for doing a thorough investigation of his subject 
and writing a paper of great practical value to the foundry 
industry. 

Members from steel foundries in Canada had the opportunity 
of seeing this investigation in progress and have already applied 
some of the findings to production of steel castings. 

After testing a number of antipiping compounds, it was 
observed that some of them gave off dense smoke and fumes. It 
would be of interest to know if the fumes from these com- 
pounds are injurious to health, and also which type of com- 
pound would give the least amount of fumes. 

To get a riser of minimum size, we must consider heat flow 
on all surfaces of the riser. The surface area of the 414-in. diam, 
4-in. high riser described in this paper is 89 sq in. Antipiping 
compound is applied to approximately 16 sq in. or 18 per cent 
of the riser surface area. If riser compound eliminated all heat 
loss from the top of the riser, the rate of heat loss would be 
reduced at 82 per cent of that from a bare riser. 

It can be seen therefore that the effect of materials added to 
the top of a riser are limited in that the top surface represents 
only about 20 per cent of the riser surface. The ultimate aim in 
reducing riser size would be to reduce heat loss from all surfaces 
of a riser. 

Mr. GERTSMAN (Author's Reply): In answer to Mr. Fair- 
field, the author found that compound No. 8 gave a dense 
smoke as soon as it was placed on the riser. The smoke was 
generated for approximately | minute after which it subsided. 
Compound No. | did not produce as dense a cloud of smoke 
but it was generated for a much longer period of time, about 
6 to 7 min. The other compounds produced only minor quan- 
tities of smoke. 

We do not know if any of the fumes given off are injurious 
to health but all of the compounds tested in this work have 
been used in various foundries for a number of years. 

In regard to the question concerning heat flow from all of 
the surfaces of the riser, it should be pointed out that the loss 
due to radiation at the top surface of an open riser is much 
greater than the loss due to conduction by the sand walls of the 
mold. Elimination, therefore, of heat loss at the top surface of 
an open riser is far greater in proportion than the 18 per cent 
figure that Mr. Fairfield mentions. In other words, exothermic 
compounds are usually on the top of open risers at the location 
where they will do the mest good. 

V. Pascukis (Written Discussion):* The paper is very inter- 
esting not only from a practical view point but also from a 
theoretical one. The writer feels that it would be very valuable 
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to investigate the compounds also thermally: what is the heat of 
reaction (Btu/lb) and what is the specific heat and thermal con- 
ductivity of the compounds? It would be important to know if 
the compounds merely covered the heat losses from the surface 
of the riser, or if heat was introduced into the metal. The heat 
balance for the casting including the mold would be interesting. 
The writer is aware that this information probably cannot be 
produced now after the experiments are concluded but would 
suggest that future experiments in this direction should include 
such investigation. 

CHAIRMAN WyMan: I want to congratulate Mr. Gertsman for 
his approach to this problem. What astonished me was the 
temperature maintained in the casting over that elapsed time as 
shown. In reference to the author's cooling curves, introduction 
of silica tubes for temperature measurements did not appear to 
have an appreciable chilling effect. 

Mr. GERTSMAN: In regard to the elapsed time at tempera- 
ture, heat is given off, due to the heat of fusion. Freezing starts 
at the outside then it proceeds toward the center. The heat of 
fusion counterbalances the freezing. In our tests we got the 
liquidus temperature but we could not accurately determine the 
solidus temperature. There is an equalization of heat that gives 
the long-time interval. 

Insofar as the chilling effect is concerned, it is difficult to say 
why we did not get more of a chilling effect than we did. Fur- 
thermore we do not know whether it should have been larger. 
Incidentally, this chilling effect would be the same for all the 
compounds since we started with the same size silica tubes in 
each mold. 

CHAIRMAN WyMAN: What was the diameter of the tube? 

Mr. GertsMAN: The O.D. of the tube was 0.283 in., the I.D. 
was 0.181 in. and the tube wall thickness was 0.051 in. 

CHAIRMAN WYMAN: When you tipped your mold, in running 
fluidity tests, did you get any shelling effect and to what ex- 
tent? Did you determine the wall thickness? 

Mr. GERTSMAN: These are not actual fluidity tests but bleed- 
ing tests. They were carried out to determine length of time 
necessary to form an impermeable metal skin at the top of the 
riser, just underneath the antipiping material. A slight slag 
crust was formed. We pierced the slag crust just before tilting 
the mold. We sectioned some of these castings at the casting- 
riser interface. It has been often stated in the literature how 
difficult it is to measure wall thickness after the first couple of 
minutes. From our experience it certainly is. We endeavored to 
check wall thicknesses at that point, ie., at the riser-casting 
junction. After the first few minutes the cavity sometimes was 
not in the center and’ it was difficult to get any average at all. If 
10 readings were taken, for example, they would be widespread, 
due possibly to the size of the dendrites forming and the fact 
that it is off center. 

CHAIRMAN WYMAN: What was the condition of the antipiping 
material after application? Was it in powdered form or did 
some cake or coke up in lump formation? 

Mr. GertsMAN: Some of these compounds caked at the bot 
tom and were powcery at the top. Compound No. | seemed to 
burn slowly; it was a very fine powder. After about 5 or 6 min 
in some tests there would be circular cracking. Some of the 
other compounds caked up a bit. 

I was going to carry out more tests with oats which is an eco- 
nomical material used in a number of foundries. I found that 
as the oats burned it tended to agglomerate towards the cente1 
got a heat loss due to radiation at the sides. It seems to me 
of the riser, leaving the sides open to the atmosphere, so we 
that if a small quantity of one of these compounds was used in 
conjunction with oats, you might have something fairly good. 

S. W. Brinson:* I think this is a good paper. We have con- 
ducted similar tests from a different point of view, because in 
buying for the Navy, you cannot always buy what you want. 
You get six or seven different samples and if you do not want 
to take the lowest-priced sample, you have to prove that it will 
not do the job. We therefore had to follow this procedure. I 
was wondering why the authors did not do likewise. You buy 
insulators by the pound, but in some of them you get more 
volume per pound than in others, so you have to figure your cost 
on a volume basis. 

In testing an insulator on top of a casting, the effect of the 
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insulator depends on its thickness and its efficiency. If you put 
4 oz of compound on every casting, on some of these risers you 
will have a thinner insulator than you do on others where the 
volume is lighter, and therefore you have two variables. We put 
a layer of insulator in a 6-in. riser to cover it 14 in. thick. This 
way we eliminate thickness of the insulator as a variable, hence, 
was always tested for the efficiency of the insulator. 

The author placed the thermocouples in the side of the 
metal. As established, they would show a temperature gradient 
in that metal, whether there was an insulator on top or not. I 
do not know that any of them are indicative of the temperature 
at the metal-insulator interface, where the efficiency of the in- 
sulator takes place. 

I am not surprised that in the center of this particular cast- 
ing, the author found that some of the time it was the last to 
freeze rather than closer to the external walls of the casting. It 
is natural that that would be the cooler point rather than the 
center of the casting. 

By testing on a volume basis rather than on a weight basis 
you eliminate one variable. Then you test primarily for the 
efficiency of the insulator. 

Mr. GERTSMAN: We considered the volume basis at the start 
cf this test work. We bought our compounds by the pound. 
In the tests you will notice we used 4 0z of compound. Before 
we established this quantity, we poured each compound into a 
round container 414 in. in diam and checked the height of the 
compound with a scale. The compound was spread out evenly 
in the container. Four ounces of these compounds, except No. 8, 
was 1% in. or over for the 414-in. diam. Compound No. 8 was 
about 14 in. high due to the denseness of that particular com- 
pound. Therefore we used 8 oz of compound No. 8. 

The quantities used were checked at two points in the work 
as shown by Fig. 2, 3, 18 and 19. Figures 2 and 3 show the 
effects on the length of pipe when the weights were varied be- 
tween 4 and 8 oz. Therefore we tried to find the optimum 
weight of this compound (Fig. 18). By testing different weights 
we were also testing the effect of volume change as well. Insofar 
as the cooling curve is concerned it would be well to consider 
the cooling curves and the bleeding tests simultaneously, not one 
without the other. That would answer the question as to the 
position of the thermocouples. It is difficult to have the thermo- 
couples right under the compound. We placed them at those 
positions to get some idea of the temperature distribution in the 
riser. The bleeding tests were supposed to give an indication of 
when an impermeable metal skin forms at the top of the casting, 
which would then shut off atmospheric pressure. 

MR. BRINSON: I realize it would have been difficult to put the 
thermocouples at the insulator-metal interface. In making tests 
on the 6-in. risers on many insulators we got an entirely differ- 
ent shrinkage from what was shown here. On the 6-in. riser we 
get a smooth, ball-like shrinkage; the whole center shrinks down, 
and then we get a pipe from then on down. 

A man operating a foundry is interested in how much that 
comp “und costs and he has to take it on a volume basis. You 
may have one insulator that costs more than another, but would 
be more efficient than the other; or you may have one that is 
twice as dense as another, so you must figure that. That is why 
we test on the volume basis. We want to know how much that 
insulator costs. 

Mr. GertsMAN: If you operate only on a volume basis, what 
is the proper volume to use? In other words, what is the proper 
height? Is it 14 in., 4 in., or is it 1 in.? 

Mr. Brinson: If it is in 14 in. you are all on the same stand- 
ard. We do not know that that is right. 

Mr. GertsMAN: There is a point that should be considered. 
You might be using too much compound, as I pointed out when 
I tried 12 oz and 16 oz of compound No. 4. We were not gain- 
ing anything by having 12 oz or 16 oz. 

Mr. Brinson: If you are using 4 in. consider the best one 
and reduce the height to 3% in. and see what effect that has; 
then go down to |4 in. 

Mr. GERTSMAN: We did it just the opposite way, since you 
buy compounds by weight and not by volume. 

C. E. Sims:* I am puzzled by some of these cooling curves. 
Take Fig. 7 for example. Of the three thermocouple locations, 
No. 8 and 9 were the same distance from the surface, but 8 was 
higher than 9. No. 10 was at the center, twice the distance from 
the surface as 8 and 9 and just under the pipe where the last 
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freezing would be expected to take place. 

It will be observed that, 1 min after the casting was poured, 
Positions 8 and 9 were hotter than No, 10, although the first 
two are closer to the surface. No. 9 was 100 F hotter at this 
time. There seems to be no logical reason why locations closer 
to the surface should be hotter, because the only escape for heat 
is through the surface. In this case, heat would flow from Posi- 
tion 9 to Position 10. 

The shapes and slopes of these curves seem very typical, it is 
only the vertical placement that appears open to question. The 
curve for Position 10 is especially interesting. It was pointed .out 
in the session on heat flow that the center of a casting comes 
very quickly to the liquidus temperature and then remains at 
that temperature until freezing begins. That is exactly what 
the curve for Position 10 shows. Within | min, the temperature 
had fallen from the pouring temperature of 2948 F to 2750 F, 
which is approximately the liquidus temperature for a medium- 
carbon steel. The temperature then remained constant to 8 min 
at which time freezing started. Freezing was complete in 10 
min, after which the temperature drop was fairly rapid. All the 
curves for Position 10 are similar. I am unable to understand, 
therefore, why Position 9 in Fig. 7 remained above the liquidus 
for 614 min. 

Mr. GERTSMAN: That is the solidus line. It may be that Posi- 
tion 9 being closest to the sprue gets heat from that source. 

Mr. Sims: The riser is made larger in diameter than the cast- 
ing in order to prolong the freezing time at the center. When 
the center has fallen to the liquidus temperature, however, no 
location between it and the surface can be at a higher tempera- 
ture. In spite of the fact that the casting has a smaller diameter 
than the riser, Position 10 is further from the nearest surface 
than is Position 9 It is true that there is more heat to be 
extracted from the riser, because of greater bulk, but the sand 
can never give back any of the heat it has absorbed from the 
metal because it can never get as hot as the metal. Were these 
couples calibrated at intervals? 

Mr. GERTSMAN: Yes. 

Mr. Sims: Then we will have to assume that the couples were 
reading correctly and looked for some other explanation. 


W. R. Moccrince:® I would like to congratulate Mr. Gerts- 
man on his paper. We had considerable success with one of 
these compounds. We were using the compound for hub cast- 
ings and if it had not been for its use we wouid have had to 
change the complete flask and the core box to correct the shrink 
which extended into the casting. 

I wondered if some of us are neglecting to use a very cheap 
material which might be at hand. I was referring in that in- 
stance to elevator dust. Some of us have grain elevators con- 
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venient and the dust from grain cleaners in many cases is just 
thrown on a nearby dump. We have used some of it for a 
similar purpose and it seemed to work fairly well. 

In reference to his last point, could there be any relation 
with the gating system? Is it possible that the metal came in 
and actually went up the outer surface just a little in advance 
of the center and you got your hottest temperature there and 
that section was the first to cool down? 

Mr. GertsMAN: That is difficult to answer because if the 
metal went along the side walls first, it would be cooled down 
first as progressive solidification developed toward the center of 
the casting. The fact that you are getting progressive solidifica- 
tion toward the center of the casting would indicate the side 
walls, at least the outer wall, was cooler than the center, so I 
find it hard to visualize that. 

Memper: I have used different antipiping compounds and 
by putting them on top, if the heads are too high, you do not 
get beneficial results. 

MemBer: How soon were these compounds put on after 
the metal was poured? 

Mr. GeRTsMAN: These compounds were applied just as soon 
as the metal reached the top of the riser height. 

Most of these compounds are of the insulating type. You will 
recall that with 1-in. risers and 4 oz of compound, when the pro- 
portion of compound to casting was much greater we got a 
large pipe. However, with the highly exothermic compounds, 
you would certainly get different results. These were mildly 
exothermic and insulating types. 

CHAIRMAN WyMAN: There has always been a great deal of 
controversy between the use of carbon pipe eliminators and 
carbon-free pipe eliminators. 

In your investigation did you find the compounds that con- 
tained carbonaceous material more efficient than the ones that 
were free of carbon? 

Mr. GerTsMAN: Compounds No. 1, 2 and 3 had small amounts 
of carbon whereas compound No. 5 had 35 per cent of car- 
bonaceous material. Frequently when using No. 5 we got a 
dishing effect typical with the highly exothermic compounds. 
It looked good until the casting was etched. We then observed 
that the higher carbon material had filled in the places at which 
the lower carbon material had contracted and created voids. 
Those voids were filled with the higher carbon, lower freezing 
point, higher fluidity metal. You would have to make some 
macro-etch tests for segregation. Castings made using compound 
No. 5 with 35 per cent carbonaceous material, if they did not 
show the high-carbon segregated part, or parts (suppose it was 
just shrinkage), would look probably as bad as those made 
using compound No. 6. It would however be open at the top 
as opposed to when no compound is used or when compound 
No. 8 is used. 
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ABSTRACT 


The author makes a number of theoretical calculations relat- 
ing fuel quality with cupola performance. They are based on 
known and measured chemical and thermodynamic values and 
rely on fundamental premises acceptable for the conditions in- 
volved. The primary purpose of this paper is to indicate maxi- 
mum theoretical fuel efficiencies which it is possible to obtain 
under various operating conditions., These may serve to measure 
results being obtained by actuai cupolas and, it is hoped, will 
provide foundrymen with an indication of the most reasonable 
steps which may be taken to improve cupola efficiency and help 
them to avoid experimenting with impossible solutions. 


FUEL PROBLEMS are a source of major concern 
to gray iron foundrymen who rely on the cupola as a 
melting unit. Due to the scarcity of high grade coke, 
many foundrymen have been forced to use inferior 
grades of coke for all or part of their melting fuel. 
This includes both bee-hive and by-product coke and 
has resulted in considerable experimentation with 
anthracite coal, briquetted coke, and other expedi- 
encies with varying degrees of success. In addition to 
the operating problems encountered with the inferior 
fuels, the foundryman is also faced with dispropor- 
tionately increased melting costs due to the necessity 
for using lower ratios between metallics and fuel in 
order to obtain any reasonable sort of operating con- 
ditions. 

In an eftort to establish a general guide to aid in a 
consideration of some of these problems, a number of 
theoretical calculations have been made relating fuel 
quality with cupola performance. The calculations 
themselves, unfortunately, do not furnish the solution 
to present problems but seem to possess merit in that 
the possibilities and limitations of various solutions 
are indicated. They are based on known and measured 
chemical and thermodynamic values and rely on fun- 
damental premises which are acceptable for the condi- 
tions involved. 

This paper is concerned with the production and 
consumption of heat in the cupola since this is, pri- 
marily, the crux of the present situation. The total 
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heat produced in a cupola is determined by the amount 
of coke burned, the quality of the coke, and the state 
of combustion to which it is burned. The state of 
combustion can be accurately determined by the 
amount of carbon dioxide produced by the reaction of 
carbon and oxygen as measured in the effluent gas. 
This procedure permits accurate calculation of the 
total heat released when amount and quality of coke 
are known. The distribution of this available heat 
determines the efficiency of the cupela operation and 
provides a basis for evaluating various changes to im- 
prove this efficiency. 

The total heat produced in a cupola by the com- 
bustion of carbon can be consumed in only three 
ways— 

1. Supply heat for the chemical reactions involved. 

2. Heat the various products of the cupola from the 
temperature at which they are charged to the tempera- 
ture at which they are exhausted from the cupola. 
(Sensible heat of the products.) 

3. Heat losses by radiation and convection from the 

cupola itself. 
Because the above factors must account for all the heat 
produced, it is possible to assume certain conditions 
of operation and, from these, to establish the effect on 
other conditions. 

It is possible to make these calculations from many 
different viewpoints. It was felt, however, that the 
most general interest and understanding of the results 
would be obtained if the effect of the variables on the 
metal to fuel ratio (expressed as pounds of metal per 
pound of fuel) were calculated and plotted in graphi- 
cal form. The metal fuel ratio then becomes the 
dependent variable and its value will depend on the 
values of the following independent variables— 

1. Fixed Carbon in Fuel—Actual calculations were 
made at 100 per cent, 90 per cent, and 80 per cent fixed 
carbon but plotted as a continuous function against 
the metal-fuel ratio since this variable is the major one 
considered in this paper. 

2. Metal Temperature—These temperatures were as- 
sumed throughout these calculations as 2800 F since it 
was felt that this temperature is desired by the majority 
of the operators. 
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3. Carbon Dioxide Content of Effluent Gas—Calcula- 
tions at 9, 11, 13, and 15 per cent were felt to cover 
normal operating practices. 

4. Effluent Gas Temperature—The effect of the ef- 
fluent gas temperature was calculated at effluent tem- 
peratures of 60 F, 560 F, 1060 F, and 1560 F. 

5. Radiation Losses—This includes all heat losses 
from the cupola itself. Calculations were made at 0, 
10, 20, and 30 per cent of the total heat produced. 
Normal losses are probably 20 to 30 per cent but are 
subject to great variation from cupola to cupola. 

A number of simplifying assumptions were made for 
convenience in calculating. The assumptions do not 
alter the general trends but affect only the magnitude 
of the results. The calculations can induce any or 
all of the simplifying assumptions but the mathematics 
would be extremely cumbersome and the gain in ac- 
curacy relatively insignificant. Due to the conditions 
and simplifying assumptions indicated below, how- 
ever, the metal-fuel ratios obtained in the calculations 
will probably represent the maximum efficiency ob- 
tainable. Actual cupola operations should result in 
somewhat lower metal-fuel ratios. The amount of de- 
viation will depend on the degree of variation from the 
conditions assumed. The conditions and simplifying 
assumptions were— 

1. The cupola operates as a melting unit only. No 
oxidation or deoxidation takes place so the only chemi- 
cal reaction for which heat must be supplied is the 
calcination of the limestone— 

CaCO, + heat — CaO + CO, 

2. The limestone is 100 per cent calcium carbonate. 

3. The slag formed is CaO.SiQg. 

4. All slag is produced from the ash in the fuel and 
the calcium oxide in the limestone. 

5. The fuel contains only fixed carbon and ash. 

6. The ash in the fuel is silica. 

7. The fuel is dry. 

8. The air blast is dry and consists of 21 per cent 
oxygen and 79 per cent nitrogen by volume. 

9. All materials are charged at 60 F. 

10. The metal charged is clean and free from sand 
and scale. 

11. The composition of the metal charged is the 
same as that tapped. 

12. Slag temperature is the same as the metal tem- 
perature (2800 F). 

The general method for calculating the metal-fuel 
ratio was to determine the amount of metal which 
one pound of the fuel would heat to 2800 F under the 
assumed combustion conditions when the established 
conditions of sensible heat loss in effluent gas, slag, 
radiation heat loss, and chemical reaction (calcina- 
tion of stone) heat loss had been satisfied. It is ob- 
vious that the difference in total heat produced and 
that consumed as noted would have to be absorbed by 
the iron (neglecting the slight losses encountered in 
the simplifying assumptions) since there can be no 
other disposition of that heat. 

The total heat produced is primarily provided by 
the combustion of the fixed carbon in the fuel. This 
is augmented slightly by the heat of formation of the 
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slag (CaO.SiO,) which varies with the amount of 
ash in the fuel. The stage of cxmbustion (per cent 
carbon dioxide in the effluent gas) establishes the 
total heat produced by the fuel according to the 
formulas! — 

C + O. — CO, + 14,550 Btu/Ib Carbon (at 60 F) 
C+ 4% O,—- CO + 4,350 Btu/lb Carbon (at 60 F) 
The maximum amount of heat which could be pro- 
duced would be realized at 21 per cent carbon dioxide 
in the effluent gas (thus no carbon monoxide would 
be formed). Practical cupola operation prohibits this, 
however, due to the excessive metallic oxidation which 
would be encountered. The CurpoLa HANDBOOK? sug- 
gests that the most satisfactory metal is obtained with 
11 to 12 per cent carbon dioxide in the effluent gas 
when high strength (low silicon) metal is melted and 
approximately 10 per cent carbon dioxide when soft 

iron (higher silicon) is melted (cold blast). 

Heat consumption, as noted before, is distributed in 
three ways— 

1. Chemical reactions. 
2. Sensible heat of products. 
3. Radiation. 

The only chemical reaction which results in a heat loss 
as considered here is the calcination of the limestone*® — 
CaCO, + 788 Btu/Ib — CaO + CO, 
However, 428 Btu per pound of limestone are evolved 
upon formation of the slag CaO.SiO, so that the net 
heat loss is 380 Btu per pound of limestone. The 
amount of limestone required is determined by the 

amount of ash in the pound of fuel considered. 

The sensible heat consumed by the products of the 
cupola is dependent on the amount of product, its 
temperature when charged and when it leaves the 
cupola, and its specific heat at that temperature (all 
materials assumed to be charged at 60 F). 

1. Effluent Gases—The temperature of the effluent 
gases was varied as noted. The specific heat of each 


gas involved ist — 


Carbon Dioxide 
Cp = 16.2 — 6.53 « 108 141 x 108 
= T? 





Carbon Monoxide 
Cp = 9.46 — 3.29 x 10° —‘1.07 x 108 
T + Tt: 





Nitrogen 
Cp = 9.47 — 3.47 x 10° 1.16 « 10° 
T i ie 








2. Slag—Exhaust Temperature 2800 F. The total 
heat content at 2800 F was taken as 745 Btu per Ib.° 
3. Metal—Exhaust Temperature 2800 F. The total 
heat content at 2800 F was taken as 570 Btu per Ib.* 
The amount of the various gases in the effluent is 
determined by the stage of combustion. The amount 
of slag is determined by the ash in the coke. The 
amount of metal is the calculated result desired. 
Radiation heat losses are primarily dependent on 
the shell size and lining thickness of the cupola. Large 
cupolas will have less radiation loss than small cupolas, 








Ce ee ee ee 


aam FAs 


1ae 





D. W. GUNTHER 


ther things being equal, due to the smaller surface- 
olume relationship. Heavy linings will result in less 
:adiation loss than thin linings, other things being 
qual, due to the greater insulating effect. Radiation 
osses are assumed as a direct percentage of the total 
heat produced. 

Figure | shows the maximum metal to fuel ratio 
which it is possible to obtain at 9, 11, 13, and 15 per 
ent carbon dioxide in the effluent gas with fuel of 
fixed carbon as noted on the abcissa of the graph. 
(hese are maximum values because no sensible heat 
is lost in the effluent gas or by radiation. There is, of 
course, a considerable amount of undeveloped heat 
still available in the carbon monoxide of the effluent 
gas but this cannot be realized under normal opera- 
tions without encountering excessive oxidation of the 
metallics. As noted before, it is recommended that 
soft irons (high carbon and silicon) be melted with an 
effluent gas containing approximately 10 per cent car- 
bon dioxide and hard iron (low carbon and silicon) 
be melted with an effluent gas containing approxi- 
mately 11 to 12 per cent carbon dioxide. 

The effect of the effluent gas analysis on the metal 
to fuel ratio can be seen by examining Fig. 1. Assuming 
a fuel of 90 per cent fixed carbon, approximately 40 
per cent more metal can be melted and superheated 
to 2800 F when the effluent gas is increased from 9 to 
15 per cent carbon dioxide. 

The tremendous effect of the sensible heat lost in 
the effluent gas is shown in Fig. 2. This graph is predi- 
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Fig. 1—Effect of fuel quality on metal-fuel ratio at 
various stages of combustion (per cent carbon dioxide) 
The calculations are based on a metal temperature of 
2800 F with no heat lost hy radiation (and conduction) 
or in the effluent gas. 
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cated on an effluent gas containing 11 per cent carbon 
dioxide and with no radiation loss. It should be noted 
that a decrease of 500 F in the effluent gas tempera- 
ture will increase the metal-fuel ratio 15 to 25 per 
cent depending on the effluent gas temperature. 

The effluent gas temperature of several cupolas have 
been measured with results that vary from 600 F to 
1300 F. This temperature varies considerably with 
the height of the cupola from the tuyeres to the charg- 
ing opening of a fully charged cupola. A temperature 
difference of 300 F has been measured on the same 
cupola between fully charged and two charges low. 
The heat lost in this manner is of considerable conse- 
quence and should be carefully considered in any ef- 
ficiency analysis. 

The effect of radiation losses on the performance of 
the cupola can be seen in Fig. 3. It is to be noted that 
radiation losses considerably affect the operating ef- 
ficiency of a cupola but, unfortunately, are not subject 
to modification when operating requirements are estab- 
lished and the cupola is prepared for these conditions. 
With fuel of 90 per cent fixed carbon, metal-fuel ratios 
must be decreased from a potential maximum of 12.8 
to 1 to 10.2 to 1 when radiation losses are increased 
from a theoretical 0 per cent to a fairly probable loss 
of 20 per cent. A typical heat balance outlined in the 
CupoLa HANbBOOK’ indicates a conduction and radia- 
tion loss of 15 per cent of the total heat developed. 
The cupola operator has little or no control over this 
factor since he must work with the equipment sup- 
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Fig. 2—Effect of fuel quality on metal-fuel ratio at 
various effluent gas temperatures. The calculations are 
based on a metal temperature of 2800 F with 11 per 
cent carbon dioxide in the effluent gas and no heat lost 
by radiation (and conduction). 
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Fig. 3—Effect of fuel quality on metal-fuel ratio at 
various percentages of total heat loss by radiation (and 
conduction). The calculations are based on a metal 
temperature of 2800 F with 11 per cent carbon dioxide 
in the effluent gas and no heat lost in the effluent. 


plied and produce metal at the rate demanded. 

It was felt that it would be of interest to compare 
the theoretical operation of two cupolas under certain 
assumed conditions. Figure 4 shows the theoretical 
results obtained in a so-called “high-stack’’ cupola or 
one in which the effluent gases are exhausted from the 
cupola at 560 F. Figure 5 shows the theoretical results 
obtained in a so-called “‘low-stack” cupola or one in 
which the effluent gases are exhausted from the cupola 
at 1060 F. It is assumed that the difference in stack 
height accounts for the difference in effluent gas tem- 
perature. Radiation losses in both cases are considered 
identical at 20 per cent and the cupolas are operated 
to produce metal at 2800 F. Note the following re- 
sults which are obtained from the curves— 

1. With a fuel of 92 per cent fixed carbon, the metal- 
fuel ratio is 8.6 to 1 in the “high-stack” and 6.5 to 1 in 
the “low-stack” at 11 per cent carbon dioxide. 

2. With a fuel of 85 per cent fixed carbon, the metal- 
fuel ratio is 7.6 to 1 in the “high-stack” and 5.7 to | in 
the “low-stack” at 11 per cent carbon dioxide. 

3. An increase in the carbon dioxide content of the 
“low-stack” cupola from 11 to 13 per cent would re- 
sult in an increase in the metal-fuel ratio from 6.5 to 1 
to 7.6 to | with fuel of 92 per cent fixed carbon. This 
efficiency, however, is still lower than that obtained 
with 11 per cent carbon dioxide and the same fuel in 
the “high-stack’’ cupola. 

The theoretical results obtained from the curves 
seem to agree rather well with actual results being ob- 
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tained in actual cupola operation as near as it has bee 
possible to determine. 

The following general statements can be made ri 
garding the various factors which affect cupola eff 
ciency— 

1. Fixed Carbon in Fuel. The percentage of fixe: 
carbon has a strong bearing on cupola efficiency. A 
decrease in the fixed carbon results in a more pro 
nounced decrease in operating efficiency than would 
be indicated from the percentage drop in fixed carbon 
other things being equal. 

2. Effluent Gas Temperature. This exerts a great ef 
fect on cupola efficiency and is subject to considerabk 
variation. Much thought can be given to the utiliza- 
tion of this sensible heat. 

3. Effluent Gas Composition. Also important in its 
effect on cupola efficiency but is not subject to too 
much change without affecting metal quality and op- 
erating costs as evidenced by oxidation of metallics. 

4. Radiation Losses. Generally uncontrollable but 
quite significant with regard to overall efficiency. Prob- 
ably can be changed only by major cupola design 
changes. 

Certain theories can be advanced with respect to 
the effect of fuel quality on the two primary factors as 
noted above which affect the operating efficiency of 
the cupola. These theories are not all supported by 
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Fig. 4—Effect of fuel quality on metal-fuel ratio at 
various stages of combustion (per cent carbon dioxide) 
in a so-called “high” stack cupola. Reasonable operat- 
ing conditions for such a cupola are assumed, effluent 
gas temperature at 560 F, radiation (and conduction) 
losses at 20 per cent of total heat developed, and a 
metal temperature of 2800 F. 
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Fig. 5—Effect of fuel quality on metal-fuel ratio at 
various stages of combustion (per cent carbon dioxide) 
in a so-called “low” stack cupola. Reasonable operat- 
ing conditions for such a cupola are assumed, effluent 
gas temperature at 1060 F, radiation (and conduction) 
losses at 20 per cent of total heat developed, and a 
metal temperature of 2800 F. 


experimental evidence but are suggested for considera- 
tion in study of present problems. 
1. Fuel Size— 

a. Small fuel particles may tend to increase the 
temperature of the effluent gas because of channeling 
and lack of bed penetration which would tend to de- 
crease the transfer of heat from the hot gases to the 
metal. 

b. Small fuel particles may tend to decrease the 
carbon dioxide content of the effluent gas because of 
the greater exposed surface of fuel which may increase 
the reversion of carbon dioxide to carbon monoxide. 
This possibility has been indicated in experiments by 
Flanders at the University of Utah.‘ 

2. Fuel Strength— 

a. Weak fuel may not be able to support the 
weight of material in a fully charged cupola thus 
necessitating the operation of the cupola at a reduced 
charge level in order to maintain reasonable blast 
pressures with proper penetration. This will increase 
the effluent gas temperature as noted before. 

b. Weak fuel will probably crush and break up to 
a greater extent in its travel down the stack of a cupola 
thus resulting in smaller fuel particles than a strong 
fuel with the results as noted in “Fuel Size” above. 


3. Fuel Structure— 
a. The structure of a fuel may have an effect on 
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the rapidity which the carbon dioxide to carbon mon- 
oxide reversion takes place. Poor structures in present 
fuels may result in decreased carbon dioxide in the 
effluent. 

It would seem that certain steps could be taken to 
insure that maximum cupola efficiency be obtained 
under present conditions. It might be possible, for 
example, to proportionately reduce the size of fuel and 
metal charges and thus reduce any channeling which 
might be encountered with its accompanying increased 
sensible heat loss. This might also result in more basic- 
ally sound heat transfer conditions and further reduce 
the sensible heat loss. It might be possible to deter- 
mine that the cupola charging level could be raised 
somewhat without serious effect on the blast pressure, 
this would also result in the loss of less heat in the 
effluent gas. It might be possible to modify the cupola 
operation to increase the carbon dioxide content of 
the effluent gas to the maximum permissible level and 
thus reduce the chemical heat loss in the carbon mon- 
oxide. Other possible solutions may suggest them- 
selves as further thought is given the subject. 

The primary purpose of this paper has been to in- 
dicate the maximum theoretical fuel efficiencies which 
it is possible to obtain under various operating condi- 
tions. These, then, may serve to measure the results 
which are being obtained by actual cupolas and, it is 
hoped, will provide foundrymen with an indication of 
the most reasonable steps which may be taken to im- 
prove cupola efficiency and help them to avoid experi- 
menting with impossible solutions. 
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DISCUSSION 


CHAIRMAN: W. A. PENNINGTON, Carrier Corp., Syracuse, N. Y. 

Co-CHAIRMAN: W. W. Levi, Lynchburg Foundry Co., Rad- 
ford, Va. 

F. K. ViAL (Written Discussion)" 1 consider Mr. Gunther's 
analysis of the channels through which heat flows from the 
cupola timely and important if followed up. 

His choice of a heat unit as the quantity of heat in | lb of 
iron at 2800 F is more easily visualized by laymen and cupola 
operators than the intangible BTU. 

His analysis begins after combustion is complete having de- 
veloped the equivalent of the heat contained in 18.4—-16.5-14.8- 
and 13.2 lb of iron respectively at 2800 F when the CO, content 
of the effluent gases is 15, 13, 11 and 9 per cent (Fig. 1). 

In order to make the picture more complete and to simplify 
our understanding of the problem, I think we should begin with 


1 Deceased, formerly Vice-President, Griffin Wheel Co.. Chicago 
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1 Ib of carbon requiring 11.5 Ib of air for its combustion result- 
ing in 12.5 lb of gases carrying 14,550 BTU or its equivalent, the 
heat in 25.5 lb of iron at 2800 F. This is the potential heat 
contained in each pound of carbon charged into the cupola and 
must be balanced by the various quantities of heat which flow 
from the cupola. 

Carbon has two opposing functions in the process of combus- 
tion. First: The major portion from 65 to 80 per cent passes 
through the various zones of the cupola finally arriving at the 
combustion zone having been preheated to 3000 F. Here it 
comes in contact with the oxygen of the blast and quickly burns 
to CO, developing 14,550 BTU plus BTU (sensible heat jn the 
carbon) equals 15,350 BTU or its equivalent of the heat con- 
tained in 25.5 lb plus 1.4 equals 26.9 Ib iron at 2800 F. 

The second function of carbon is to reduce a portion of the 
CO, to CO. This requires 20 to 35 per cent of the carbon 
charges which is diverted from the carbon charge before it ar- 
rives at the combustion zone, This occurs in the upper part of 
the bed coke where the temperature is approximately 3000 F 
and where the atmosphere is CO, plus N. Under these conditions 
the reduction of CO, to CO is rapid and the extent to which it 
takes place is limited by the temperature of the bed and the 
time the gases are in contact with the carbon, in other words the 
reaction is fixed by temperature, velocity of the gases, and thick- 
ness of the reducing zone. 

This part of the carbon not only developes no heat but the 
reaction is endothermic absorbing 5850 BTU (equivalent to 10.2 
Ib iron) for each pound of carbon used. The total Icss in po- 
tential heat is 14,550 plus 5,850 equals 20,400 BTU or its equiva- 
lent 25.5 plus 10.2 equals 35.7 lb of iron at 2800 F. 

Hence one portion of carbon is producing heat at the rate of 
14,550 BTU per pound of carbon where a second portion is los- 
ing potential heat at the rate of 20400 BTU per pound. The 
difference is 14,550 plus 20,400 equals 34,950 BTU per pound or 
in terms of iron at 2800 F the equivalent is 25.5 plus 35.7 equals 
61.2 Ib. 

If the escaping BTU had red wings and were visable to our 
executives they would bear down a little harder for an account- 
ing of the waste, but the old saying is “What they don’t see, 
don’t hurt them.” 

The graphical chart (Fig. 6) shows the above relationship in 
detail for all stages of combustion and indicates your starting 
point for Fig. 1. 

Placing Fig. 1, 2, 3, 4 and 5 in the form of a table for easy 
reference we have the following. 


DISTRIBUTION OF HEAT DEVELOPED BY 1 LB OF CARBON 





Unit for heat measurement is the quantity of heat contained in 
1 Ib of iron at 2800 F equal to 570 BTU. 


Percentage CO, 15 13 11 9 
Weight of gases in lb 10.2 9.6 9.0 8.6 
BTU, potential heat 14,550 14,550 14,550 14,550 
BTU, loss in combustion process 4,060 5,141 6,120 7,018 
Net BTU developed 10,490 9,409 8,430 7,532 
Pounds iron equivalent potential heat 25.5 25.5 25.5 25.5 
Pounds loss during combustion process 7.1 8.9 10.7 12.3 
Fig. 1—Net lb iron equivalent 18.4 16.6 14.8 13.2 
Sensible heat in effluent gases 
No. l at 560 F lb iron equivalent 2.5 2.3 2.2 2.0 
No.2 at 1060F ” ” - 5.0 4.6 4.4 4.0 
No.3 at1560F” ” 2a 7.5 6.9 6.6 6.0 
Equiv. lb iron after losses No. 1 15.9 14.3 12.6 11.2 

9 oe » e No. 2 13.4 12.0 10.4} Fig. 2 9.2 

= oti gs = _ No. 3 10.9 9.7 8.2 7.2 
Loss by radiation 

1 10% equiv. lb iron 1.84 1.66 1.48 1.32 

2 20% ” = 3.68 3.33 2.96 2.64 

3 30% ” oe 5.52 5.00 4.44 3.96 
Equiv. lb iron after loss No. 1 16.6 14.9 13.3 11.9 

” - - No. 2 14.7 13.2 11.8$Fig.3 10.6 

ae 7 ~ » No. 3 12.9 11.2 10.3 9.3 
Fig. 4-—Loss, effluent gases at 

56 F, radiation 20% 6.2 5.7 5.2 4.6 
Equiv. lb iron after loss 12.2 10.9 9.6 8.6 
Fig. 5—Loss effluent gases 

1060 F, radiation 20% 8.7 8.0 7.4 6.6 
Equiv. lb iron after loss 9.7 8.6 7.4 6.6 


Radiation includes all losses except those carried by the effluent gases 
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RADIATION 


Before proceeding with an analysis of why so much heat is 
wasted it may be well to consider the loss of heat by transmis- 
sion through the brick lining and shell to the atmosphere. This 
loss is greatly exaggerated in certain discussions on its effect on 
melting temperature. The A.F.S. CUPOLA HAND BOOK at the top 
of p. 94 presents the fallacy that the reason for increased tem- 
perature of the iron produced by increasing the blast pressure 
which produces faster melting and because more iron passes 
through the bed in a unit of time, there is less loss by trans- 
mission through the cupola walls. It can easily be shown that 
this increase in temperature from this cause is infinitesimal. In 
as much as radiation occurs on the outside of the shell it is 
easily measured. 

Suppose a shell having a diameter of 6 ft, its circumference 
will be approximately 22 ft. It has been established that the rate 
of radiation will be about 2 BTU per hr per sq ft of area per 
degree of temperature difference between the shell and _ sur- 
rounding atmosphere. Assume this temperature difference to 
be 500 F then the loss by radiation will be 1,000 BTU per hr 
per sq ft of shell area or 22,000 BTU per hr per each foot of 
vertical height. If the rate of melting is assumed to be 12 tons 
per hr at 8-1 ratio the coke burned becomes 3,000 Ib per hr. 
With these data the following table is written. 


RADIATION Loss 


Zone of Height, BTU Radiation BTU Radiation BTU per lb 


Cupola ft per hr per lb coke iron per hr 
Preheating 8 176,000 — os ae 
Melting 2 44,000 14.7 2 
Bed above 
tuyeres 3 66,000 22.0 2.5 
Tuyere 1 22,000 7.3 1 
Crucible 2 44,000 14.7 2 
Total 16.0 352,000 117. 14.5 Approx. 


It is thus seen that this loss per pound of coke or pound of iron 
melted is practically negligible. 
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The following is an extract from a table showing the relation 





between the percentage of carbon burned and the CO, in the 

eifluent gases. The quantities in this table are in the most sim- 

ple form and constitute the basic starting point for the analysis 

of any problem relating to combustion within the Cupola. 

COMBUSTION OF | LB OF CARBON 
% Carbon in % in Effluent By BTU 

©; Carbon For Effluent gases Gases Combus- Loss by 

Burned Reduction CO, co co, co tion Reduction Net 
5.5 34.5 31.0 69.0 8.94 19.90 9530 2018 7512 
67.5 32.5 35.0 65.0 9.88 18.35 9821 1901 7920 
70.0 30.0 40.0 60.0 11.00 16.50 10185 1755 8430 
72.5 27.5 45.0 55.0 12.07 14.73 10549 1609 8940 
75.0 25.0 50.0 50.0 13.07 13.08 10912 :462 9450 
77.5 22.5 55.0 45.0 14.04 11.48 11276 1316 9960 
80.0 20.0 60.0 40.0 14.96 9.97 11640 1170 10470 








Having classified the magnitude of the volume of heat flowing 
through the various channels leaving the cupola, the next step 
is to show why according to Fig. 4, only 8.5 lb of iron can be 
melted by 1 Ib of 90 per cent carbon coke while the potential 
heat is equivalent to 23 lb of iron at 2800 F. This represents 
an efficiency of 35 per cent which indicated an absence of tech- 
nical research. 

rhere is a sufficient potential heat in 1 lb of coke to melt 16 
Ib iron and supply all other cupola requirements. This repre- 
sents a net efficiency of 70 per cent the possibility of which can 
be demonstrated with a minimum amount of research properly 
directed. 


PoraL Heat DEVELOPED 


The total amount of heat developed does not tell the story, 
for there is a bottle-neck at the melting zone which separates 
the heat into two portions. 

Firt: Ut ie onlv thet mart <f the heat above 9299 that is 
available for changing the iron from a solid at 2100 F to a liquid 
ind superheating it to 2700 or 2800 F as may be required. 

The second portion of the heat which is the heat content of 
the gases of combustion at 2800 F is only useful for preheating 
the iron, coke and limestone at 2100 F. The balance not so used 
is carried by the effluent gases to the atmosphere and thus con- 
stitutes a waste. 

In order to illustrate this division of heat, assume a pound of 
90 per cent carbon coke:consumed resulting in 12 per cent CO, 
in the effluent gases and melting 9.0 lb of iron. Therefore 1 Ib 
of carbon would melt 10.0 lb of iron or 100 lb of carbon will 
melt 1,000 lb of iron. 

First: A materials balance is shown between material charged 
and materials removed through tapping hole and through stack. 

Second: A heat balance is shown to account in a general way 
for potential heat charged into the cupola and heat used. This 
balance will definitely point the way to possible improvement in 
cupola efficiency. 


MATERIALS BALANCE 





Materials Charges Discharges 
Tapping 
Lb Lb Hole Stack Stack Gases 
Carbon for combustion 72.5 
”» ” — reduction 27.5 
Total carben charged 100.0 100.0 CO, 166 
Ash in 11 lb coke 11.0 11.0 11.0 Co, 8.8 
Iron after melting 2% loss 980.0 980.0 co 128.0 
Melting loss 20.0 20.0 Nitro 643.0 
Total iron charged 1000.00 
Limestone 
co, 8.8 8.8 
Lime 11.2 11.2 
Total limestone 20.0 
Cupola lining loss 10.0 10.0 10.0 
Air—Oxygen 194.0 
Nitrogen 643.0 
Total Air 837.0 837.0 
TOTALS 1978 1978 1032.2 945.8 945.8 
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Heat BALANce 100 Ls Carson ANd 1000 La Iron, BTU 





72.5 Ib Carbon burned 1,054.875 
Sensible heat 72.5 lb Carbon (3000 F) 91.350 
Total heat developed in combustion zone 1,146.225 


Sensible heat 27.5 Ib combustion reducing zone 34.650 


Total heat in reducing zone 1,180.875 
Loss in reducing CO, to CO 160.875 
Net heat in reducing zone 1,020.000 
Heat in gases at 2800 F 712.500 
307.500 
Heat required below preheating zone 
Melting and superheating 980 lb iron 196.000 
Decomposition of moisture in blast 60.000 
Formation and superheating slag 30.000 
Radiation 6.000 
Total 292.000 
Excess 15.500 
Heat required in preheating zone. 
Preheat 1000 lb iron to 2100 F 360.000 
Preheat 100 lb Carbon 126.000 
Preheat Limestone 10.000 
Calcining limestone 10.000 
Drying coke charges 6.000 
Radiation 6.000 
Total 518.00 
Excess 194.500 
PROOF 
Excess for melting 15.500 BTU 
Excess for Preheating 194.500 
Potential in CO 561.000 
Total excess 771.00 BTU 
Potential in 100 Ib Carbon 1,455.00 BTU 
Sensible heat in carbon at 3000 F 126.00 
Total heat transferred 1,581.00 
Total used 810.00 
Total not used 771.00 


SUMMARY OF HEAT DISTRIBUTION 


For preheating iron 360.000 BTU 24.8%) 38.20% 

For melting and superheating iron 196.00 13.4 f * 

For preheating charges other than iron 96.000 6.6 

For formation and superheating slag \ 8.8% 
Decomposing moisture, radiation, etc. 32.000 2.2 | 

Sensible heat in effluent gases 210.000 14.4 } 53.0% 

Potential heat in effluent gases 561.000 38.6 | F 
Total 1,455.000 100.0 





In the above summary the magnitude of the larger quantities 
are fixed and not subject to discussion while any error in the 
smaller items cannot greatly alter the result. 

There is no way of escaping the conclusion that there is an 
excess of from 1200 to 2500 BTU in sensible heat carried to the 
atmosphere by the effluent gases from each pound of coke 
charged into the cupola in addition to the much larger quantity 
of potential heat in the combustible portion of waste gases. 

There is but little hope for any substantial reduction in these 
losses by increasing the height of the stack or by the use of upper 
tuyeres to burn the excess CO. Any such method does not place 
the heat below the melting zone where the deficiency exists. 
The heat that passes the melting zone is similar to the water in 
the tail race at the mill, the quantity of water is the same as 
passed over the water wheel but has lost its velocity head and is 
no longer useful for producing power. The gases above the 
melting zone have lost their melting temperature while the re- 
maining quantity of heat is more than sufficient to preheat the 
charges, the excess is bound to represent waste. 

It is fortunate that the cupola has two means of conveying 
surplus low temperature heat from the preheating zone to the 
combustion zone free of charge where it is delivered to elevate 
the flame temperature of combustion. 

The first of these vehicles for carrying surplus heat is the 
coke which becomes preheated to 3000 F before burning and 
delivers approximately 1260 BTU in addition to the 14,550 BTU 
developed by burning. There is thus a continuous transfer of 
1260 BTU from the excess above the melting zone to the defi- 
ciency below the melting zone. Without this circulation melting 
commercially would not be possible. Similarly if proper facilities 
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are afforded the air of the blast is available for circulating a 
larger volume of heat from the excess in the effluent gases to the 
combustion zone without perceptible increase in operating costs. 

The later vehicle as a means for a decided increase in cupola 
efficiency has been neglected. 

If 2000 BTU could be transferred from the waste heat to the 
portion of the heat above 2800 F in the combustion zone it would 
represent an increase of about 7 lb of iron for each pound of 
carbon charged into the cupola and if the air could be dried at 
the same time it would add another pound or two to the possi- 
bilities, say 18 Ib melted for each pound of carbon. This is a 
thermal possibility. 

To indicate this possibility the following heat balance is pre- 
pared. 


Hear BALANnce In BTU, 100 LB Carson, 1800 LB IRON 





77.5 lb burned to CO, equals 14% 1,127.600 
Sensible heat in 77.5 Lb carbon at 3000 F 97.650 
Sensible heat in 8.9 Lb air at 1000 F 220.000 
Total heat in combustion zone 1,445.250 
Sensible heat in 22.5 lb carbon at 3000 F 28.350 
Total heat developed ~1,473.600 
Loss by reduction CO, to CO 131.600 
Net heat developed 1,342.000 
Potential heat in CO 459.000 
Total heat below melting zone 1,801.000 
Heat used below preheating zone 
Melting and superheating 1764 Ib iron 352.000 
Decomposing moisture 20.000 
Formation and superheating slag 36.000 
Radiation ~~ 10.000 418.800 
Heat used in preheating zone 
Preheat 1800 Ib iron 648.000 
Preheat 100 Ib coke 126.000 
Preheat Limestone 12.000 
Calcining limestone 12.000 
Dry coke charge 6.000 
Radiation 6.000 
For preheating blast 220.000 
Loss in -blast preheater 90.000 
Total used in preheating zone 1,120.000 
1,538.000 
Excess 263.000 





The above heat balance shows definitely that by the use of 
the hot blast it is thermally possible for 1 lb of coke to melt 
16 lb of iron to a temperature of 2750 F. 

The following coke ratios have beew used successfully on a 
large commercial basis without control of the moisture of the 
blast which proves the correctness of the analytic conclusions. 





Pounds Iron Pounds coke 


Per pound Per pound per ton 
carbon coke iron 
17 15.3 130 
16 14.4 138 
15 13.5 148 
14 12.6 160 





The thermal analysis has been shown to be correct beyond the 
shadow of a doubt. The question then becomes one of economic 
expediency. Often the indirect benefits out weigh the obvious 
material saving. There will be less loss of silicon, manganese and 
iron, better pouring iron, less foundry scrap. These are items 
that are difficult to estimate. The economics of the problem for 
any specific installation is outside the scope of this discussion. 


ENRICHMENT OF OXYGEN IN THE BLAST 


It has been clearly shown that in cold blast practice there is 
a large loss of heat because the division between the require- 
ments for melting and for preheating is far from being in pro- 
portion to the requirements. This inequality can be remedied by 
the addition of pure oxygen to the blast. 

Oxygen adds nothing to the calorific value of the fuel and 
therefore is not the active agent in this process. It is the reduc- 
tion in nitrogen that reduces the weight of the gases of combus- 
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tion hence the flame temperature increases in like proportion «id 
the amount of heat carried over for preheating is less becai se 
the weight of gases at 2800 F is less. Hence the excess heat : >r 
preheating is reduced and added to the heat available for me t- 
ing. In this case a melting ratio of 12 to 1 can be attained. 

For example suppose the oxygen of the blast is raised froin 
21 to 30 per cent by adding | lb of oxygen for each pound «of 
carbon burned. 

A comparison of blast requirements is the following. 


Oxygen 
Air enriched 
Weight of blast to burn 1 lb carbon 

Oxygen 2.667 2.667 
Nitrogen 8.873 5.491 
Total 11.540 8.158 
Required to burn 0.775 lb carbon 8.943 6.322 

Additional weight of carbon 0.775 Ib for burning 
0.225” ” reducing 1.000 1.000 


Total weight gases 9.943 14% CC ),, 7.322 20% CO, 

The advantages of reducing the weight of the inert nitrogen 
are many. 

The flame temperature is increased 900 F. 

The higher flame temperature increases the temperature gra- 
dient throughout the bed and melting zone thereby increasing 
the superheat of the drops of iron that are raining through the 
bed. 

The blast volume is reduced approximately 30 per cent for 
the same rate of melting. 

The blast pressure is reduced accordingly. 

The velocity of the gases through the entire cupola is reduced 
30 per cent hence greater efficiency in heat transfer. 

There is no scaffolding over the tuyeres. 

Laboratory tests indicate less silicon and manganese loss hence 
less iron loss. 

Again the question of economics arises—do these advantages 
balance the cost of 1 lb of oxygen per pound of carbon burned? 

A comparison of the division of heat at 2800 F for the three 
cases in the above discussion is the following. 


Tron-carbon BTU at BTU above 


Ratio 2800 F 2800 F Total 
Cold Blast 10-1 712.500 307.500 1,020.000 
Oxygen enriched blast 12-1 600.000 521.000 1,121.000 
Hot blast 16-1 757.000 615.000 1,342.000 


The, reason for the increased efficiency is obvious. 

Mr. GUNTHER (Author’s Reply to Mr. Vial): The approach to 
the heat balance of the cupola used by Mr. Vial in his dis- 
cussion of the author’s paper is extremely interesting and worthy 
of considerable attention. The relation of all losses of both 
chemical and sensible heat to the equivalent weight of iron at 
2800 F is very valuable in that it permits the cupola operator to 
visualize more clearly the magnitude of these losses. The ap- 
proach is very direct and the results quite startling. Although 
the same results can be obtained by subtracting values on the 
curves presented in the paper, this is, nevertheless, an indirect 
method and has all the disadvantages of being indirect. 

In the preparation of the paper, the author was more inter- 
ested in focusing attention on the individual sources of -heat loss 
and in showing how these losses generally affect cupola efficiency 
than he was in presenting elaborate heat balances which are of 
necessity quite cumbersome. Mr. Vial, however, has presented 
much valuable statistical material in a very concise and under- 
standable form. The author questions, however, the accuracy of 
the statement that the potential heat content of 1 Ib of carbon 
in the cupola can be taken as 15,350 BTU at 3000 F. This would 
be true if the carbon were heated outside of the cupola and 
then somehow placed inside. In an actual operation, however, 
the carbon has attained its temperature by absorbing sufficient 
heat from the combustion of itself or other carbon (which is 
the equivalent since it in turn will provide heat to later carbon) 
to raise its temperature to 3000 F. In this case the actual BTU 
available for external heating (gases, iron, stone, etc.) would 
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ce approximately 13,750 BTU. The heat of combustion of car- 
bon to CO and CO, as used by the author were those values 
which were reported as existing at 60 F. ‘ 

The graphical chart (Fig. 6) showing the relation of equiva- 
lent pounds of iron at 2800 F to per cent carbon dioxide is cer- 
tainly fundamental and is of extreme interest. The line showing 
‘heat developed in combustion zone” is not fully understood 
however, nor is the area between “net heat” and “heat developed 
n combustion zone” labeled “heat loss reduction of carbon 
dioxide to carbon monoxide.” It is the author’s impression that 
the total area between the “net heat” line and the horizontal 
jine representing complete combustion of carbon to carbon diox- 
ide would actually be the total heat loss due to this reversion. 

Mr. Vial’s remarks pertaining to radiation losses are signifi- 
cant and he has adequately proven that increased melting rate 
has an insignificant effect on metal temperature. There are 
other more vital and more significant factors involved in this 
matter. 

Mr. Vial is well-known for his pioneer work in preheating 
cupola blasts and the advantages of such systems are being more 
widely recognized. Unfortunately, too few foundries have 
availed themselves of these economic advantages to be gained 
from utilizing the waste chemical and sensible heat from the 
cupola effluent. The author is in complete agreement that this 
heat should be utilized both for foundry economics and for the 
preservation of our natural resources. 

The author wishes to thank -Mr. Vial for his very scholarly 
comments on this paper. It is very gratifying to have such a 
complete and thorough analysis made, and he has obtained much 
value from this discussion. 

H. E. FLANpERS (Written Discussion):* Mr. Gunther has chosen 
another basis of calculation of the efficiency of coke in a cupola 
which involves a formal analysis of a heat balance in terms of 
four primary operating conditions. This approach differs from 
that which was used in my paper entitled “Thermochemical 
Analysis of Combustion in a Cupola,” (TRANSACTIONS, A.F.S. vol. 
55, pp. 533-543, 1947) in which temperature was considered as 
a controlling influence in the melting zone, and carbon deposi- 
tion, with the corresponding formation of carbon dioxide in the 
cooler portions of the stack, was looked upon as vital to economy. 
Radiation was not considered directly as in the paper under dis- 
cussion. However, any sound basis of analysis should yield simi- 
lar conclusions. Certainly the reference basis used by Mr. 
Gunther is one which the foundryman understands when he re- 
lates Operating success to pounds of metal per pound of coke. 

The specific heat equations used by Mr. Gunther are of differ- 
ent form than those used in my paper but several calculations 
showed the two sets of equations to be in reasonable agreement. 

On the basis of the general composition of the carbon gases 
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in various positions in a cupola, as given in my paper, I disagree 
with the thesis that the quality of the product is dependent on 
the composition of the effluent gases. Mr, Gunther’s paper sup- 
ports this contention in that a higher cupola is shown to give a 
higher CO, analysis and a reduced stack gas temperature. Gray 
iron is made in and below the melting zone. The charge is 
merely preheated above this position. More thorough preheating 
can raise the melting zone and give more time for superheating 
and a taller cupola tends to provide this. High carbon gray 
irons require less temperature than lower carbon or high tensile 
strength gray irons and can be made with less attention to econ- 
omy. The correlation between composition of stack gases with 
the nature of the product, as mentioned by Mr. Gunther, may 
be due more to negligence than necessity. In other words soft 
irons could be made more cheaply with high CO, and low tem- 
perature effluent gases. These conditions are necessary for high 
test gray irons, in and below the melting zone. 

Small coke will decrease the distance from the tuyeres to the 
maximum CO, content and then the distance to a low CO, con- 
tent, say 5 per cent. Small coke, on the other hand, may increase 
the CO, content of the cupola gases by promoting carbon deposi- 
tion in the temperature range between 1300 F and 500 F. F. K. 
Vial (“Hot Blast Applied to the Cupola,” Iron Age, vol. 120, p. 
1071, 1927) took the gases from this cupola for preheating pur- 
poses some distance below the charging door where the CO, con- 
tent was 9 or 10 per cent, but the remainder of the gases left 
the charge at about 12 per cent CO,. Cupola operators must 
realize the importance of the reverse directions of the reactions 
between carbon and the carbon oxides at different temperatures 
if they would appreciate the value of a tall cupola and of keep- 
ing it full. The economic height depends on such factors as 
load carrying capacity of the coke, as mentioned by Mr. Gunther, 


TABLE 1—SELECTION or DATA FoR STUDY 





Pounds of Metal 
Conditions per Pound of Coke for Coke with 


Effluent Gas % Heat 
Yo CO, Temperature Radiated 0% Ash 10% Ash 20% Ash 30% Ash 


9 60 0 13.2 11.45 9.75 8.00 
11 60 0 14.85 12.95 11.05 9.20 
13 60 0 16.7 14.4 12.40 10.55 
15 60 0 18.4 16.0 14.00 12.10 
11 60 0 14.85 12.9 11.00 9.20 
11 560 0 12.70 11.05 9.40 7.75 
11 1060 0 10.4 9.0 7.55 6.15 
11 1560 0 8.0 6.8 5.55 4.35 
11 60 0 14.8 12.95 11.05 9.20 
11 60 10 13.25 11.55 9.85 8.10 
11 60 20 11.8 10.25 8.65 7.20 
ll 60 36 10.4 9.00 7.5 6.15 





PasLeE 2—RatTIo oF PouNDs OF METAL PER POUND OF COKE FOR DIFFERENT CONDITIONS 





Condition 


s 


Pounds of metal/pounds of coke at 9% CO, 


A . 
Pounds of metal/pounds of coke at 15% CO, 

B Pounds of metal/pounds of coke at 1560 F Temp of gases ; 
Pounds of metal/pounds of coke at 60 F Temp of ‘gases 

Cc Pounds of metal/pounds of coke at 30% Radiation 
Pounds of metal pounds of coke at 0% Radiation 

D Pounds of metal/pounds of coke at 309 Ash 


Pounds of metal/pounds of coke at 0% Ash 


Multiplying factors are 


Pounds of metal per pound of coke = M = 18.4 x F, x F, x F, x Fy 


0% Ash 10% Ash 20% Ash 30% Ash Aver. Loss 
0.717 0.716 0.696 0.661 0.70 0.30 
0.539 0.527 0.504 0.473 0.51 0.49 
0.703 0.695 0.679 0.668 0.69 0.31 
0.606 0.620 0.632 0.657 
0.620 0.610 0.591 0.544 0.61 0.39 
0.622 0.611 0.610 0.591 

F, = 100 — 0.30 x 15 % CO, 
6 
F, = 100 — 0.49 x T-60 
1500 
F, = 100 — 0.31 x % radiation 
30 
F, = 100 — 0.39 x % Ash 
30 
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but it is at that point where further height makes no appreciable 
difference in the stack gas analysis or its temperature. 

It is possible to take data from Fig. 1, 2, and 3 (See Table 1) 
and set up approximate equations which will reproduce fairly 
well the data represented in Fig. 4 and 5. This is done through 
the estimation of suitable multiplying factors for each of the 
four items as illustrated in Table 2. 

One can see from the data in Table 2 that the ratios for any 
particular item are variable with the per cent of ash. However 
the discrepancy is not bad. A more detailed analysis shows 
some of the other variables to be quite nonlinear. But for pur- 
poses of calculation the multiplying factors may be used as 
shown. 

In Fig. 4 radiation and effluent gas temperatures are con- 
stant at 20 per cent and 560 F respectively. The corresponding 
multiplying factors are F, = 0.794 and F, — 0.837. For 9, 11 
13, and 15 per cent CO, the multiplying factors are 0.70, 0.80, 
0.90, and 1.00 respectively. Thus, the pounds of metal per pound 
of coke can be calculated for the different conditions and a 
number of such calculations are given in Tables 3 and 4. The 
agreement with Fig. 4 and 5 is not complete but is reasonably 
satisfactory. 

PABLE 3—POUNDS OF METAL PER POUND OF COKE 
560 F Effluent Gas, 20% Radiation 





Per Cent Per Cent Carbon Dioxide 
Ash 9 ll 13 15 
0 8.6 9.8 11.0 12.2 
10 7.4 8.5 9.6 11.1 
20 6.3 7.2 8.1 9.0 
30 5.2 5.9 6.7 7.5 





TABLE 4—POUNDS OF METAL PER POUND OF COKE 
1060 F Effluent Gas, 20°% Radiation 





Per Cent Per Cent Carbon Dioxide 
Ash 9 11 13 15 
0 6.9 7.9 8.8 9.8 
10 6.0 6.8 7.7 8.5 
2c 5.1 5.8 6.5 7.3 
30 4.2 4.8 5.4 6.0 





Mr. GUNTHER (Author’s Reply to Mr. Flanders): In the pres- 
ent analysis of heat production and consumption in the cupola, 
an attempt was made to show the source of the heat and the 
consumption of this heat in the various processes involved. In 
this analysis, all heat, actual produced and potential, was 
accounted for in the products of the cupola or in radiation 
and conduction from the cupola. Since the analysis was made 
from this standpoint, it was unnecessary to consider any sec- 
ondary reactions occurring within the cupola. The products of 
the cupola had to account for all heat produced and once 
these had left the cupola they could have no further effect on 
the operation. 

I do not agree with the thesis that the gas analysis within the 
cupola is unimportant above the melting zone and has no effect 
on product quality. From a practical operating standpoint, we 
have found that it is impossible to make high carbon iron 
with high CO, content in the effluent gases with normal pig iron 
charges. This has been experimentally confirmed by British 
research which has proven that carburization of low carbon 
metallics takes place above the melting zone. Since CO, is an 
oxidizing gas, it is logical to assume that with very high CO, 
contents it would be impossible to carburize but with lower CO, 
contents (9 to 11 per cent) carburization can occur. If, however, 
low carbon metal is desired, a higher CO, content (12 to 14 
per cent) would be permissible since little or no carburization 
is desired. The chemical expression for carburization may be 
written as follows— 

8Fe + 2CO —, Fe,C + CO, 
A similar expression representing a high CO, content might be 
written as follows— 

Fe,C + CO, —» 3Fe + 2 CO 
which is, of course, the reverse of the first. The oxidizing equa- 
tion might also be— 

Fe + CO, —» FeO +CO 

This latter equation is, of course, very undesirable since it leads 
to high metallic losses (high cost) as well as resulting in low 
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quality metal. Molten metal probably passes through the zon 
of extremely high CO, content without appreciable effect b« 
cause the drops are encased in a protective slag covering. 

In my paper I did not mean to imply that a high cupola wi 
give a higher CO, analysis and a reduced stack temperature a 
though a reduced stack temperature will usually be obtaine 
Figures 4 and 5 compare efficiencies on a so-called “high” stac 
and “low” stack cupolas at identical conditions except that « 
effluent temperature. Other things being equal, the high stac 
will permit more heat to transfer to the metallic charge tha 
will a low stack. 

I am in full agreement that the greatest cupola efficienc 
without a preheated blast, is obtained in a high stack cupola 
which is maintained fully charged. I feel, however, that tl 
limitation on stack height will generally be determined by cok 
strength. Given a very strong coke, however, the limitation 
would be at that point where further height makes no appré 
ciable difference in effluent temperature. 

The formulas derived are very interesting and constructiv: 
and permit calculations to be made on the basis of known condi 
tions which may be outside those assumed in this paper. 

V. Pascukis (Written Discussion):* It is very gratifying to sec 
a clear analysis of cupola performance. In the presentation of 
specific output (lb metal per Ib fuel) the author however, 
handles the stack losses and the radiation losses in the same 
manner. This is misleading for the following reasons. Say that 
the radiation losses in a given case amount of 30 per cent (Fig. 
3, lowest curve) with 80 per cent for carbon in fuel. This would 
result in 7.5 lb metal per Ib fuel; this value of 30 per cent results 
from a certain thickness of lining and insulation. Now assume 
that through improving the insulation the radiation losses are 
reduced by one-third, then following the paper it would be 
reasonable to go to the “20%” curve. However, if the radiation 
losses are reduced, then less fuel need be burned and therefore 
the stack losses will also be reduced. In other words the stack 
losses are in part dependent on the radiation !osses. Similarly 
it is not correct to assume that the radiation losses will be for a 
given insulation, amount to the same percentage independent of 
output. If the radiation losses amount to 30 per cent with one 
output, then with a different one, the same cupola would have 
an entirely different percentage of radiation losses. In othe 
words the radiation losses are non-proportional. There are fixed 
expenditures which do not vary with output. 

It is well to distinguish between “proportional” and “non- 
proportional heat losses’; the proportional losses are directly 
proportional with the output. The non-proportional losses are 
non-varying with the output. 

The second necessary distinction is between “dependent” 
and “independent” heat losses: The dependent losses change if 
certain other losses change, whereas the independent losses are, 
as the name indicates, independent of other losses. The two 
groups of characteristics, proportional and non-proportional, 
dependent and independent would have to be ascribed to the 
same losses. There are then four total possible classifications: 

1. Proportional dependent 

2. Proportional independent 

3. Non-proportional dependent 

1. Non-proportional independent. 

It would be interesting to present graphs similar to Fig. 1 to 5 
in the paper based on this concept of four different classifications 
of losses. 

J. T. MacKenzie:* Mr. Flanders is right when he says the 
metal is made in the melting zone and below, but the absorption 
of sulphur takes place largely above the melting zone and it 
begins as soon as the metal gets red. He has neglected that 
factor. 

Mr. GUNTHER: I agree with Dr. MacKenzie and I would like 
to elaborate a little. In an article published by some British 
authors a few years ago, they quenched a cupola after it had 
been operating for a few hours and went systematically through 
the cupola and analyzed pieces of metal to see what had hap- 
pened. They not only analyzed them but checked their relative 
position and condition in the cupola. They found considerable 
carbon absorption on the surfaces of low carbon metallics con- 
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siderably above the melting zone. In other words, it indicated 
that a lot of carbon pickup had occurred from the gases in the 
stack. It is my opinion that you could not operate a cupola at, 
say, 21 per cent CO. because you would oxidize these materials 
considerably before they reached the melting zone and would 
therefore have poor metal. It is therefore necessary in my opin- 
ion to carry a relatively low amount of CO, in the effluent gas 
in order to produce higher carbon metals. I feel that the CO, 
above the melting zone is very important in the amount of car- 
bon pickup and therefore the ultimate quality of your metal. 

As the metal gets into melting zone and starts melting, I 
think there must be a slag blanket which protects each drop as 
it melts and falls through the zone of very high CO, in the 
cupola. I therefore disagree with Mr. Flanders in his statement 
in which he says he thinks that high «carbon metal could be 
made by using a higher CO, in the stack. I do agree with him 
when he says the efficiency will be improved by decreasing the 
effluent gas temperature because everything going out the top of 
the cupola is definitely an economic waste. 

CHAIRMAN PENNINGTON: I should like to make a point in 
connection with the CO, content usually found in cupola gases. 
Oftentimes in a discussion of this kind, the impression may be 
left with some who have not made measurements of the various 
gases in the effluent that all that is needed is the turning of a 
valve or the pushing of a button to control the CO, content, say, 
at 21 per cent or 10 per cent whichever is desired. It seems that 
we should be more cautious and state frankly that it is rather 
hard to change the CO, content of the effluent gas without 
seriously interfering with the operation of the cupola. 

I have analyzed quite a few cupola effluent gases in the pro 
duction of iron at some 2800 F and have found, after the cupola 
settles down to a steady state (2 to 3 hr after the wind is on), 
that the CO, was under 10 per cent. Quite frequently, it was 
as low as 8 per cent. As I recall, most of the time it would be 
between 8 and 9 per cent where the iron to coke ratio was about 
61% to |. I do not believe there’is a great deal that can be done 
around any ordinary cupola to change the situation much. 

MEMBER: Are you speaking entirely of CO,? When you anal- 
yzed those gases, what was the composition of the balance of 
the gas? What percentage was CO? 

CHAIRMAN PENNINGTON: There is a formula which can be 
used to make the conversion. I do not recall what the CO con- 
tent would be but it must be something like 18 per cent. 

MEMBER: It is the difference between that and 21 per cent. 

CHAIRMAN PENNINGTON: No, it is not the difference. If all 
the coke was burned to CO, there would be two volumes formed 
from each volume of oxygen used. So, there is actually an ex- 
pansion in the formation of CO. I believe if all the coke is 
burned to CO, there will be about 34 per cent of this gas, 
whereas in the case of complete combustion, there will be only 
21 per cent CO,. It should be remembered that some little CO, 
also comes from the limestone. 


Mr. GUNTHER: I did not take that into consideration because 


again it was a negligible amount and I did not want to unduly 
complicate the calculations. 

Memper: It would be fine if we had an instrument that indi- 
cated directly at all times the percentage CO, vs CO at some 
designated spot in the stack. 

CHAIRMAN PENNINGTON: We do have practically that now, do 
we not? There is a CO, recorder. I do not know how successful 
they are. It should be pointed out again that CO, and CO are 
interdependent. If the CO, is measured, the CO will be known 
indirectly. 

Mr. Guntuer: I believe the reason we do not use those 
recorders more than we do is because they are rather delicate 
and temperamental. I think if we had them on our cupolas 
and systematically correlated the results with the instrument 
readings we would learn much more about cupola operation than 
we know now and we have a lot to learn. 

R. A. Ciark:® I believe that low ‘CO, is promoted by a deep 
operating coke bed. A deep coke bed also promotes high metal 
temperatuie because the metal has a long distance to drip 
through the coke bed and promotes a high carbon pickup for 
the same reason, so that the low CO, is a by-product of the 
operating conditions which make for hot iron as well as high 
carbon pickup. 

MempBer: At what pressure did the air enter the cupola? 
What type of lining was used? 

Mr. GunTHER: These calculations are primarily theoretical. 
However, in order to see that they were within the realm of 
reason, we actually checked some of our results on several differ- 
ent cupolas. We could not check radiation losses, however, so 
we did not go into heat balances. The results shown are pri- 
marily theoretical calculations. However, they fit in well with 
actual operating conditions so we feel they are justified from’ that 
standpoint. 

As far as the cupola lining is concerned, we checked cupolas 
that were patched with firestone and also cupolas which had a 
monolithic lining. The blast pressures on these cupolas that 
were used to check or to compare against our results were nor- 
mally in the magnitude of 16 to 20 oz. 

G. E. MELLow:* What do you mean by a high stack and a low 
stack; what is the approximate ratio of cupola diameter to 
charging door height? 

Mr. GUNTHER: The diameter of the cupola with effluent gas 
at 1300 F had a diameter of 60 in. and the height of the stack 
from the tuyeres to the charging door was about 11 ft so that 
would be a ratio of a little over 2 to 1. On another cupola with 
effluent gases as low as 700 F, the height was 18 ft from the 
tuyeres to the charging door. That cupola was 64 in. in diameter. 

Mr. MELLow: What was the stack temperature of this last 
cupola? 
Mr. GUNTHER: It was approximately 700 F. 
5 Metallurgist, Electrometallurgical Div., Union Carbide & Carbon Corp., 
Chicago 
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METAL MELTING AND ITS RELATION TO GASES IN METAL 


By 


O. Edwin Decker * 


ABSTRACT 


The author presents practical suggestions for melting brasses 
and bronzes to produce sound castings. This paper is based on 
years of experience by the author in operation of natural gas- 
fired crucible furnaces. The author discusses proper melting 
furnace design, size of crucible in relation to furnace, proper 
control and furnace maintenance. 

THIS PAPER IS BASED ON EXPERIENCE gained by 
the author in operation of natural gas-fired crucible 
furnaces. The author’s plant manufactures brass pipe 
fittings, such as, ells, unions, tees, and allied products, 
and use 81-3-7-9 and 85-5-5-5 metal, government 
bronzes, acid bronzes, etc. Melting facilities at this 
plant consist of 12 pit-type furnaces with No. 50 cru- 
cibles, one tilting-type furnace using a No. 175 cru- 
cible, and two tilting-type furnaces using No. 225 cru- 
cibles. The author’s operating conditions are similar 
to those of many brass foundries with jobbing or pro- 
duction lines. The author’s statements could apply to 
other types of furnaces, fired with other types of fuel. 

Gases in metal can be traced to poor melting prac- 
tices in a large percentage of cases. The theory of 
gasification of metal to be of help to the foundryman 
must be translated into actual foundry practice. This 
paper discusses the practical aspects of metal melting. 

Whenever we melt metal, we change it from a solid 
to a liquid state and, in so doing, natural laws govern. 
When a metal is in a solid state, it is relatively inert 
or unchanging. When it is in the process of melting, 
or in a liquid state, it can be continually absorbing 
elements, such as gases from the furnace atmosphere. 
Gas absorption causes changes in the metallic structure 
and if such gases are not controlled or driven off com- 
pletely, will make a structurally weakened casting. 
For example, when metal is overheated in the furnace 
and poured into a mold, the absorbed gases will cause 
the metal to spew in the sprue, or riser. This is often 
termed mushrooming and results in a top to the sprue 
or riser resembling a door knob. 


Melting Furnaces 


Melting furnaces should be properly designed. 
Thought should be given to the size, or sizes, of cru- 
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cibles to be used in the furnace. The author recom- 
mends just one size crucible to a furnace. It is better 
to add extra furnaces to your battery of melting fur- 
naces in which you would use two or more crucible sizes 
rather than to build larger furnaces. The author sug- 
gests that you use only one size crucible wherever 
possible from which to do all your pouring. If your 
product consists of small castings, light sections, many 
patterns on a plate, then the No. 50 crucible is suit- 
able. If you operate a jobbing shop you would do well 
to use only two or not over three sizes of crucibles. It 
is better to use a larger crucible in an emergency and 
only partially fill it, as this will allow you to get a heat 
quicker with resultant better metal. 

Larger heats might be thought more economical in 
fuel and handling costs, but consideration should be 
given to the time required to pour the melt. It may be 
found that the number of flasks to be poured is such 
that the metal chills below optimum pouring tempera- 
ture. If misruns occur frequently, the trouble may dis- 
appear if smaller crucibles are used. It then will not be 
necessary to overheat the metal to start, and cold shuts 
will be eliminated. 

It is neither economical nor practical to build a 
furnace too large and then use several sizes of crucibles 
in that furnace. In using too large a crucible there is 
insufficient space between furnace wall and the cru- 
cible for hot combustion and the crucible will have to 
be held too long to attain the proper pouring tempera- 
ture. Holding too long in the furnace allows the slow- 
ly melting charge to absorb furnace gases with result- 
ant poor castings. These castings will have a skin which 
will be reddish in color or, in some cases, will be 
multi-colored. A fracture of the gate, or casting, will 
show a coarse structure, and if they are pressure cast- 
ings, they will very likely leak. 

The author uses pit crucible furnaces designed to 
hold only No. 50 crucibles. The inside wall dimension 
is 1514 in., and the crucible diameter is 11 in. Inas- 
much as the author is getting good results, he will 
assume that the distance between the furnace wall and 
the crucible is correct, and he recommends this dis- 
tance only where No. 50 crucibles are to be used. The 
author does not recommend a distance between fur- 
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nace wall and crucible for any other size crucible, but 
believes that with increase in size of crucible there 
should be an increase in combustion space. 


In the bottom of the author’s furnace there is a 3- 
in.diam slag hole through which pass refractory ma- 
terials which have slagged and any spillage from 
overcharging or broken crucibles. Occasionally he must 
use a heavy bar to keep the hole open. This heavy bar 
eventually enlarges the slag hole until it may be twice 
the original area. When this happens the author finds 
too much of the burning gases escape through the bot- 
tom of the furnace. This tends to reduce the pressure 
which is built up around the pot and melting time 
must be increased. The author observes this care- 
fully at week-ends when he makes furnace repairs and 
renews the bottoms eliminating this leak. 

The diameter of the pipe entering the furnace at the 
bottom should be correct. If the pipe is too large, an 
excessive volume of mixed gas will enter the furnace, 
causing unnecessary deterioration of furnace wall and 
crucible. It is also uneconomical since more gas is 
used to melt the charge than is required. One may say 
adjust the mixer valve to compensate for the increased 
volume of combustible gas, but that attacks the prob- 
lem indirectly. If the gas at the mixer valve is re- 
duced, the flame is weakened, because the volume of 
air being blown in by the fan remains constant. This 
will simply dilute the available combustible gases, 
which will increase the melting time and result in poor 
metal. This condition can be corrected by the use of 
a pipe of smaller diameter. 


The pipe that carries mixed gas into the bottom of 
the furnace requires constant attention. If the furnace 
is not behaving properly and the flame coming out of 
lid looks weak or if it shortens too much, this may 
be caused by the pipe being reduced in diameter im- 
mediately at the end where the mixed gas leaves the 
pipe. Due to the heat in the furnace, the end of the 
pipe may have burned off to paper thickness and 
sometimes this causes the pipe to curl inwards. If 
this happens, it causes a back pressure and the volume 
of mixed gas is reduced in proportion to the degree of 
curl at the end of the pipe. The melting time will be 
increased and possible poor metal will result. It is 
necessary to reach into the furnace with a long bar 
with a 90-degree bend on the end, circling the inside 
of the pipe, knocking off or bending out the feather 
edge. 

Continuous trouble with these burned off pipes will 
be experienced unless repairs are properly made. 
Where the pipe enters the furnace, the direction of 
the pipe should blend into the walls of the furnace, 
i.e., one edge of the pipe should be on the inside 
diameter of the furnace wall, and the pipe which ex- 
tends into the furnace should be mudded with a re- 
fractory material which will protect the pipe to the 
very end. You may have to try several refractories 
until you get one which will not burn off or melt 
away in the furnace heat. This pipe isa very im- 
portant feature, one which can present many prob- 
lems if you do not recognize its importance and take 
steps to correct it. The author tried keeping the pipe 
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back in the tunnel but slag accumulates in the tunnel 
and is difficult to remove, especially when the furnace 
is operating. 

All furnaces must have lids and these may be an- 
other source of trouble. There is a hole in the lid for 


‘ charging purposes and also for allowing the spent hot 


gases to escape. If this hole gets too large before 
changing the tile in the lid, it can cause loss of pressure 
inside the furnace and too rapid release of good com- 
bustible gas thereby requiring increase in melting 
time. The author starts with a 5-in.-diam hole and 


changes tiles when the hole becomes 7 in. in diam or 
its equivalent in odd shapes. 
Furnace Controls 

Correct proportionate mixing of gas or oil is neces- 
sary for a controlled atmosphere in the furnace. When 
the controls were installed at the author's plant the 
author followed the manufacturer’s instructions in re- 
gard to mechanical adjustments. Adjustments were 
made until the author obtained a light green flame 6 
to 10 in. over the lid. No further adjustments had 
been made. If your melting furnace men complain 
about melting conditions be assured that something 
other than the fuel mixture is wrong and demands at- 
tention. 


Scrap Versus Ingot Metal 

Wherever possible the basic charge should consist of 
ingot metal. Ingots are of known composition and are 
clean. The author also advocates using returned scrap 
from the machine shop, but this scrap must be clean. 
Wet, oily, and dirty scrap can cause trouble in the 
crucible by increasing the slag and dirt on top of the 
metal and causing excess residue to accumulate on 
crucible walls. Miscellaneous scrap from a scrap deal- 
er can present more problems than you can possibly 
handle in the foundry. If you must use dirty scrap, 
the author recommends blasting it first. Your product 
should be able to absorb the cost of ingot metal versus 
scrap metal. The author firmly believes that resultant 
savings throughout your foundry will more than com- 
pensate for the difference in cost. 


Practical Metal Melting Suggestions 


1. Do not use more than two sizes of crucibles in 
one size furnace. Preferably build the furnace for one 
size crucible. 

2. If excessive melting time is required check all 
phases of the combustion and, if necessary, call in the 
gas company engineers. 

3. Melt the metal quickly, remove crucible at once, 
and pour immediately. 

4. Be constantly on the alert. If something looks 
wrong, investigate at once. 

5. Keep crucibles clean. Dirty crucibles insulate the 
heat and prevent proper radiation. This is particularly 
true in aluminum melting practice where thick layers 
of oxide will accumulate unless the crucibles are 
regularly cleaned. 


Use of Fluxes 


Through the years the author has found that one 
teaspoon of 15 per cent phosphor-copper shot will flux 
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150 Ib of red brass successfully. The author places this 
teaspoonful of phosphor-copper in a small paper bag 
and gives the furnace men enough bags for their daily 
heats. It has been found that when the furnace men 
are allowed free use of this flux they not only use too 
much in the deoxidizing process but also use it during 
the melting period. They claim that it melts down 
their charge quicker. This is a fallacy, for the charge 
may look liquid but.it takes real heat to raise the tem- 
perature enough to pour without misruns or cold shuts. 
The author believes also that too much phosphor- 
copper will harm the metal and cause leaky castings. 
Charcoal makes a good cover, for its burning action 
prevents gases from coming in contact with the metal. 


Optimum Pouring Temperatures 

It is difficult to give the correct pouring tempera- 
tures for red brasses and bronzes. The published fig- 
ures are but a starting point. Much depends on the 
type of casting being poured, thickness of metal sec- 
tion, amount of metal to be poured into the mold, 
number of patterns on the gate, etc. This is an in- 
dividual problem to determine the optimum pouring 
temperature. 

If you pull a pot of metal which is too hot, do not 
allow it to stand to cool. The metal will absorb gases. 
Plunge a gate into the overheated metal to cool it. 
The author believes the chilling action of a piece of 
metal results in a finer grain structure similar to the 
chilling action of pouring metal into an iron ingot or 
mold. 

If proper attention is given to furnace construction, 
adequate controls, constant check at the furnaces for 
things out of the usual, proper maintenance, etc., gas- 
ing will be under control or eliminated completely as 
far as the furnaces are responsible. Management should 
employ a competent foundry superintendent with an 
open mind to good suggestions, possibly coming from 
his own ranks. Metal melting problems can be over- 
come by close supervision and when irregularities 
occur, by immediately determining the cause. After 
standard practices are developed and established in- 
sist on rigid adherence to them. 


DISCUSSION 


Chairman: E. W. Horvesein, Gibson & Kirk Co., Baltimore 

W. L. Rupin:' The author states that charcoal makes a good 
cover since its burning action prevents gases from entering the 
molten metal, and helps maintain an oxidizing atmosphere. I 
disagree with this, but assuming that charcoal keeps gas out of 
the melt, why does the author not put charcoal on the melting 
pot after pulling the metal, especially where the metal has been 
overheated in the furnace and requires cooling down before 
pouring? 

Mr. Decker: It is possible in practical melting to pull the 
metal out of the furnace 100 to 200 deg too hot. I have yet to 
know of anyone who would suggest leaving it lie on the floor 
until it cools down the 100 or 200 deg necessary for correct 
pouring. , 

R. A. Cotton:* Mr. Decker has stated in his paper that it is 
inadvisable to leave a crucible full of molten metal for any 
length of time on the foundry floor because as the metal cools it 
will absorb gases. He also advises use of coolers to minimize the 
time necessary to lower the temperature to that needed to pour 
the castings. While I do not doubt that Mr. Decker’s practice 
works well in his own foundry, I would like to point out that 
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METAL MELTING AND ITs RELATION TO GASES IN METAL 


theoretical considerations in which we have confidence indicate 
that molten metal dissolves gases in increasing amounts with 
rising temperature; as the temperature decreases, the metal tends 
to give up these gases, and at the freezing point large quantities 
of gas may be evolved. In fact, it is this change in solubility be- 
tween liquid and solid metal that produces gas porosity in 
castings. 

It is only reasonable, therefore, to assume that if metal taken 
out of the furnace at a high’ temperature is allowed to cool in 
air before pouring, some of the gas dissolved in the melting oper- 
ation will be eliminated before the metal is poured into the 
casting. If this gas is not removed from the metal, it will be 
poured with the metal into the casting and may produce the 
defect known as gas porosity. Using coolers minimizes the 
amount of time that the metal stands on the floor. This in itself 
is undesirable, since it also minimizes the time that the gas can 
escape from the metal. 

There is another danger from the use of coolers. Any con- 
densed moisture, sand or oil on the cooler may create trouble 
when the cooler is added to the molten metal. Moisture or oil 
can create additional gases which will then be cast with the 
metal into the mold cavity. While Mr. Decker’s shop probably 
uses clean coolers, I do not think it advisable as a general prac- 
tice to cool metal down quickly by chilling, since the benefits of 
leaving the metal stand in air are unquestioned. Good melting 
practice for tin bronzes or leaded tin bronzes includes melting 
under oxidizing conditions, removing the metal from the cru- 
cible with a slight super-heat, skimming the metal clean, and 
allowing it to stand in air until the pouring temperature is 
reached and then deoxidizing with whatever material is nor- 
mally used. This is a consistent practice based not only on 
theoretical considerations but on numerous successful foundry 
operations. 

In foundries using the melting practice described above or 
one similar to it, it would be advantageous if the metal could be 
left on the foundry floor for a considerable length of time. This 
is not always practical and the best alternative is to avoid over- 
heating the metal to the point where long intervals of time 
are needed to cool the metal down. In avoiding such over- 
heating much smaller quantities of harmful gases will be dis- 
solved in the metal and the fundamental problem of eliminating 
gas porosity and producing sound metal in the castings will be 
minimized. 

H. J. Roasr:* I should like to issue a word of encouragement 
to those who may at some time or other be called upon to melt 
a great deal more metal in a given furnace than that for which 
it was designed. On one occasion, I had to use a furnace, or a 
series of furnaces, that had a capacity normally of 250 Ib per 
crucible and raise that to 1200 Ib per crucible. Despite the 
small annular space between the crucible and the furnace, the 
city gas, which was the fuel used, gave entirely satisfactory 
results. Naturally, I am entirely in accord with the author’s 
views as to the use of ingot metal in preference to either scrap 
or virgin metal. 

Mr. Decker: I have been called by Pittsburgh foundries for 
consultation on casting defects. I found in many cases the fur- 
nace operators have been at fault. They have no idea of what a 
furnace is, except to put in a crucible, light up the furnace and 
melt. When they think it is time to pull out the crucible, they 
do so. One operator told me he melts the first heat of the day 
in a No. 50 crucible in 134 to 2 hr. That is entirely too long. 

I bring these points out because I feel that there has been a 
laxity on management’s part in getting these practical features 
to the foreman or superintendent. The points in the paper are 
practical. They may not all be correct in their entirety, but if 
they are followed, they will give excellent results. 

Our products, are ells, unions and tees. Every piece we 
manufacture is tested in water under 100-Ib pressure. Hence our 
castings cannot be oxidized; they should not leak. Therefore 
these methods, which we found satisfactory, if followed, in 95 
per cent of the cases should produce similar results. 

It may be possible to bring crucibles out and leave them lie 
on the floor, but that is not good practice, especially in produc- 
tion shops. I also suggested that you sandblast all your scrap. 
That means all your gates and scrap castings. Therefore they 
are all clean when charged into the crucibles. 


2 Research Metallurgist, American Smelting & Refining Co., Barber, N. I. 
8 Consultant, Westmount, Quebec, Canada 
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PLASTIC BINDERS FOR FOUNDRY SAND PRACTICE 


By 


H. K. Salzberg* 


ABSTRACT 

The adhesive properties of thermosetting resins are adaptable 
to bonding of foundry sand cores and dry sand molds, with ad- 
vantages traceable to these properties. Over the entire range of 
core designs rapid curing in conventional ovens is experienced. 
Ready response to heat at low temperatures is a characteristic 
of importance in drying by means of infra-red or high-frequency 
heat. Principles useful in formulating core sand mixes with 
plastic binders are defined. Means .of improving green strength 
and workability of core sand mixes are disclosed. 

Both urea and phenol resin types of binder have been investi- 
gated with stress placed on their use for actual jobs in produc- 
tion. Where advantages have been distinctly observed, they are 
described and explained to the extent permitted by present 
knowledge. Types of castings which are particularly favored by 
the use of plastic-bonded cores are described. 


PLASTICS HAVE COME into such general use that 
there is wide acquaintance with their properties. The 
term “plastics” generally connotes a hard, rigid and 
smooth article which is resistant to most conditions of 
handling, has moderately high strength, and no ten- 
dency to soften under exposure to chemicals or mois- 
ture. Industrial plastics at their intermediate stage of 
constitution are less familiar but of great importance 
in a number of trades and arts. It has only been within 
the last several years that the foundry industry has 
become acquainted with these materials. During the 
late war, they were available to a limited extent as core 
binders and special types were also used as impreg- 
nating resins for aluminum and magnesium castings. 
More recent developments have widened the types of 
plastics available as core binder and perhaps the latest 
introduction of plastics into the foundry industry has 
been in pattern shops as materials for making match- 
plates and loose patterns. 


Thermosetting Resins 

It is best to refer to the uncured forms of these bind- 
ers as “resins,” qualified by the adjective “thermoset- 
ting” to avoid confusion with natural resins, also 
employed in bonding foundry sand cores. As the name 
implies, these resins set up or cure when exposed to 
temperatures which are maintained in the core oven 
or in other equipment to produce heat. The conversion 


* Chemist, The Borden Company, Chemical Division, Bain- 
bridge, N.Y. 


49-18 


357 


of a thermosetting resin from liquid or dissolved state 
to a solid or cured state is an irreversible one. This 
means that the cured plastic film is no longer water 
soluble nor is it fusible by heat. The cured resins are 
among the most water resistant materials we have. Ex- 
posure to heat in the core oven does not melt these 
plastics, and when subjected to the heat of molten 
metal, they char without melting. 

An additional property is that of adhesiveness, which 
is very marked and which is the property primarily re- 
sponsible for the industrial importance of these mate- 
rials as a class. The types of resins now available to the 
foundry industry are modifications of resins developed 
earlier as wood glues. In the wood gluing industry, 
thermosetting resins have been widely accepted and 
have made possible more durable gluing jobs than can 
be made with other types of glues. Through research, 
modifications of the resin formulations have been made 
which are in accord with the requirements for core- 
making, including reduced viscosity, less odor, longer 
storage life, and greater compatibility with other in- 
gredients commonly found in core sand mixes. 

The resins as received in the core room are dilutable 
with or soluble in water, placing them in the classifica- 
tion of water-soluble binders. Unlike other water- 
soluble binders, however, this property is not retained 
through the core baking period. They have a low re- 
quirement for water, that is, they are reduced to a thin 
consistency by relatively little water. The result is high 
efficiency in coating the sand grains. Viscosity factors 
such as possessed by cereal binders are not present and 
the resins do not contribute to the green strength of 
the sand. 

These properties of non-fusibility, resistance to mois- 
ture, high adhesive strength and water-solubility until 
cured are the foundation upon which core binders of 
high performance have been developed. 

Two general types of thermosetting resins are recog- 
nized, both of which are in production use today. The 
first type to receive serious consideration was urea 
resin, a chemical condensation product of urea and 
formaldehyde. These resins can be recognized first by 
their white or almost white color in dry form and by a 
turbid or milky appearance in solution form. They are 
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also characterized by a low heat resistance which means 
a low burn-out point in the core. The second type of 
more recent origin are the phenolic binders which are 
condensation products of phenol and formaldehyde. 
They are relatively high in heat resistance. Both types 
have high adhesive strength, that is they are strong 
film formers. Both readily wet sand grains and are 
easily dispersed in a core sand mix. Both provide a 
non-fusing, water resistant bond. Both are completely 
combustible under heat of molten metal, and leave 
very little ash. 

An interesting general attribute of the plastic bind- 
ers is that, being synthetic, they can be built up into all 
sorts of modifications to suit requirements. The range 
of properties that can be covered in this process of 
chemical synthesis is very wide and makes possible not 
merely a single product but a class of binders. Thus, 
different binders can be made for different kinds of 
core work, but all possess the general properties of 
thermosetting resins, that is, they harden or “cure” 
under heat and do not melt on reheating. Another 
general feature of considerable importance to exact- 
ing foundry operators is that the manufacture of syn- 
thetic resins is conducted under careful control to ob- 
tain identical products in each run. This fortunate 
circumstance means a product of uniformity superior 
to that which is possible with materials of natural 
origin. 


Contribution of Thermosetting Resins to Core Properties 


The first requirement for a binder is that it must 
hold the sand grains firmly together to form a core 
which can be baked and subsequently handled. It 
must also have sufficient heat resistance to withstand 
the shock of molten metal and hold its shape until the 
metal has set. However, it must also burn out to allow 
collapse of core at the right time in the cycle of setting 
of the metal. These requirements are fully met by 
both types of resins, the urea resin having the lower 
heat resistance and the phenol resin the higher resist- 
ance. This difference has made it seem logical to rec- 
ommend urea resins for those castings requiring a high 
rate of collapse, including magnesium, aluminum and 
some malleable iron and steel castings. On the other 
hand, the high heat resistance of the phenol resins has 
made it seem feasible to recommend their use where 
collapsibility is not a primary problem, such as for 
most gray iron castings, steel, brass and bronze. 

To satisfy modern high rate of production, it is 
necessary for a binder to be easily dispersed in a sand 
mix by means available, and this is readily accom- 
plished in the case of the thermosetting resins. It is 
also important that baking of the core be accomplished 
within reasonable time, and in this respect, the thermo- 
setting resins are outstanding in performance. The 
curing of the resin is the chemical change of polymeri- 
zation, in which the rate of polymerization is inher- 
ently high. Also no oxidation period is necessary. This 
reduces the baking cycle to that of merely evaporating 
moisture from the cores, polymerization of the resin 
occurring simultaneously, and when the last of the 
moisture is evaporated, the core is fully baked. 
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Thermosetting resins also make their necessary con- 
tribution to the burn-out of the core binder at the 
proper time. As with other types of binders, this is 
partly regulated by the proportion of binder used and 
by other ingredients in the sand mix. Collapsibility is 
generally good, particularly with the urea resins, and 
in fact this type of material is today unmatched as to 
its sensitivity to heat. 

Finally the thermosetting resins make their contri- 
bution to the foundry industry in providing castings of 
good finish, high degree of soundness, and reduced 
tendency for roughness due to penetration and vein- 
ing. It is recognized that on most of these points, the 
choice of sand is the primary consideration; however, 
it is being demonstrated with certainty that core sand 
mixes formulated with the thermosetting resins have a 
tendency to reduce difficulties which impair the cored 
surface of most castings. 


Urea-Formaldehyde Core Binders 


War spurs industrial research, and founders of mag- 
nesium, looking for better ways to cast this metal, be- 
gan experimenting with new materials before we had 
entered World War II. ‘One of these was the thermo- 
setting resin formed by the chemical reaction of urea 
with formaldehyde. This urea plastic had already 
come into wide use as a wood-gluing adhesive, and its 
high strength and good moisture-resistance were well- 
known. Not so well-known, but of great interest to 
metallurgists is its low resistance to heat, a property | 
which results in collapsible cores of the type needed 
for magnesium. Results were startling from the first 
experiment. Production use followed quickly. 

Morgan! made the first report to the American 
Foundrymen’s Association in 1944 in describing the 
core properties and gas evolution of compounded plas- 
tic binders containing thermosetting resin as an in- 
gredient. Felske? showed the high dry strengths attain- 
able with combinations of urea resin and cereal binder. 
Gebhardt* * and Kurachek® with more practical ap- 
proaches, described the then current practices of using 
urea resins in magnesium foundries. 

The first urea-plastic binders were of the type de- 
veloped for wood gluing. As their use in the foundry 
grew, however, the need for special resins to provide 
better coremaking properties became apparent. One 
modification has been the production of resins of lower 
viscosity than the syrups used as glue. These resins 
are easier to handle and mull into the sand mix 
whether the sand is wet or dry. Mixes are in use which 
require as little as 4 min wet mulling time in the con- 
ventional type mullers, and only 2 min in the speed 
muller. 

Another improvement has been the reduction of 
free formaldehyde content from the usual higher 
range necessary for gluing to an amount which repre- 
sents a,nearly formaldehyde-free product. This change 
has eliminated odor from the sand mix and greatly 
reduces disagreeable effects. Hot, partially baked urea 
plastic-bonded cores still give off this odor because 
some formaldehyde is regenerated as the resin cures. 
Special “smoking off” stations are a good provision 
when this resin is used. 
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A third improvement has resulted from the discov- 
ery of how to formulate the resin so as to give it a 
substantially long life in storage. All liquid urea res- 
ins gradually thicken in storage. However, the newer 
liquid resins are of such stability that this change will 
be of little practical conccrn to users. The dry form 
of urea resins is very stable in storage, if protected 
from lumping in damp air. 

Finally, an improvement has been made in the work- 
ing properties of urea resin by incorporating with the 
resin surface-active agents which are especially effec- 
tive as partings. This has meant virtual elimination 
of troublesome sticking of sand in the core box. Sand 
mixes are in use which are as free from this difficulty 
as is the usual good-working oil sand, whether the core 
be hand-rammed or blown, and whether the box be of 
metal or wood. 


Phenol Resin Binders 


Phenolic resins result from the condensation of 
phenol or phenol derivatives with formaldehyde. The 
change of reactant from urea to phenol has a pro- 
found effect upon the resulting resin. In common with 
the urea resins, the phenol resins are thermosetting, 
that is responsive to curing by heat, but the final poly- 
mer has its own set of properties and must be consid- 
ered as in a different category from the urea resins. 

The most obvious characteristic lies in the dark color 
of the phenolic resins. This color difference is a ready 
means of distinguishing the two types. The natural 
color of urea resins is a milky appearance of the liquid 
form and a pure white powder for the dry form. The 
phenol resins are clear red brown in liquid form and 
of an orange brown to red in dry form. In view of the 
differences these resins show as binders, it will prevent 
confusion in the foundry use of them if these color 
differences are allowed to remain distinctive. 

The distinctive properties of the phenolic resins be- 
come evident in the presence of heat. Heat sensitivity 
constitutes the second primary difference in these res- 
ins. Whereas the urea resins are heat-sensitive and 
ovens must be set in the rather low range of 325-375 F 
to obtain the full strength of them, the phenolic resins 
are heat-resisting and conventional oven temperatures 
in the range of 400-450 F are recommended. 

Response to heat of the core binder is of consider- 
able consequence as the liquid metal casting sets, cools 
and contracts. The sand grains of the core are bonded 
with combustible binders to accommodate the metal 
shrinkage. Binders of different types respond differ- 
ently to this heat and are classifiable in order of their 
ease of burning out in the atmosphere prevailing in 
the mold. The urea resins, as stated, are very respon- 
sive and burn out most readily, thereby shortening the 
core collapse time. The phenolic resins, on the other 
hand, are more heat-resistant and in fact compare 
closely with fully cured core oil films in this respect. 
Because of these differences in heat response, the urea 
resins are used in cores for the light metals and for 
malleable iron castings, and the phenolic resins for 
the hotter metals of lower coefficient of shrinkage, 
namely the non-ferrous, gray iron and steel castings. 
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Finally, the phenolic resins are distinctive with re- 
spect to the products of combustion. Pyrolysis under 
conditions in the mold creates very little smoke and 
no objectionable gases. The urea resins are decom- 
posed to formaldehyde and organic amines which are 
evident in the smoke and fumes at the pouring and 
knock-out stations. 

As with the urea resins, the phenolic resins cure to 
insoluble and infusible films, making of the final bond 
a moisture-resistance adhesive not susceptible to the 
drawing of dampness or to softening in the hot core. 

A recent complete description of the application of 
phenolic resin binder in foundry sand cores has been 
published by Curry and Henderson. The castings are 
of gray iron, range in size up to 650 lb and include 
transmission cases of various sizes, oil pan castings, 
clutch housings, radiator tops and motor frames. Some 
of the outstanding developmental features reported 
here include the making of large cores, elimination of 
stickiness, use of overflow molding sand in the core 
mixes, and formulation of a blowable mix. Curry 
and Henderson stress the importance of moisture con- 
trol, mulling time, reaction of binder as to acidity or 
alkalinity. 


Physical Properties and Storage of Resins 
Representative pure urea resins and phenolic resins 
have the physical properties shown in Table 1. 
TasBLe_ 1—PRopERTIES OF TYPICAL SYNTHETIC RESINS 
Usep as Core BINDER 





Urea Resins Phenol Resins 








Liquid Dry* Liquid Dry* 
Solids content, per cent 50 97 70 97 
Color white white red brown red brown 
Clarity milky milky clear turbid 
Viscosity-cp at 70 F 85 94 250 650 
pH 7.8 6.0 7.9 .10.3 
Sp. Gr.-60/60 F 1.202 1.180 1.207 1.189 
Dilutability with water 1:1 1:1 1:10 1:2 
Combustibility complete complete 


* Values in the dry columns are for 50% solutions 





The liquid resins are shipped in steel drums. They 
gradually thicken in storage, but do not lose strength 
on aging. Eventually they jell in storage, faster at 
room temperatures than in the cold. Stocking no more 
than a three months supply, unless held in refrigerated 
storage, is recommended. The powdered forms have a 
longer storage life, but must be shielded from damp 
atmospheres to prevent lumping. Storage of either 
resin of either form in a cool dry room is recom- 
mended. 


Typical Core Sand Mixes 

In Table 2, mixes are listed which are or have been 
in production use in foundries pouring different met- 
als. Such a list could be expanded to include the 
numerous core sands and the different sizes and de- 
signs of core in use. 

Moisture and Cereal 
As will be noted in Table 2, all mixes contain 


water and many include cereal binder, of the gelatin- 
ized corn flour type. If one ingredient can be said to 
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Fig. 1—Green strength dependence upon moisture con- 
tent. 


dominate, it is the moisture. Moisture control has 
been emphasized. in numerous papers published by 
the American Foundrymen’s Society®“ * and mixes 
bonded with these resins are not free from strict de- 
pendence upon moisture content for properties of both 
sand and core. The first provision is to include 
enough water in the mix to bring the resin and cereal 
binder into such a state of dispersion that the sand 
grains are thoroughly coated with adhesive on mulling. 
Sands of different fineness and clay content demand 
different amounts of water to reach this stage. Other 
ingredients such as silica flour, iron oxide, sulphite 
binders, dextrin, sulphur, etc. also affect this water 
ratio, making it necessary to determine optimum mois- 
ture content for each complete mix. Often a compro- 
mise is necessary, in that the sand mix will not tolerate 
that amount of water necessary to bring out the full 
adhesive value of the binders. Water at optimum mois- 
ture content from the standpoint of dry strength of 
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core creates stickiness in the sand and resistance to 
flow in ramming or blowing cores. 

Whereas the resins have but low requirements for 
water, the cereals are by nature highly water absorbent. 
It follows that moisture control assumes greater im- 
portance as cereal ingredient increases. The resin- 
cereal-water relationships for a phenol resin in Port 
Crescent Lake Sand is shown in Fig. 1 and 2. Inspec- 
tion of these charts will disclose several facts the under- 
standing of which is necessary to the successful use of 
either type of resin. Although the data is that given 
for a phenol resin, the principles brought out apply 
equally to urea resins and to liquid and dry forms of 
both resins. The following observations can be made: 


Green Strength 


1. In the absence of cereal binder, green compression 
strength is in the low range of 0.15—0.25 psi, increasing 
uniformly with increase in moisture. 

2. With the combination of 0.5 per cent resin and 
1.0 per cent cereal binder by weight, increase in mois- 
ture has little effect upon green compression strength 
which lies in the narrow range 0.30—0.40 psi. 

3. With a combination of 0.5 per cent resin and 2.0 
per cent cereal binder, green strength is in the higher 
range 0.60-0.80 psi, decreasing uniformly with increase 
in moisture. 
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Fig. 2—Dry strength dependence upon moisture con- 
tent. 

















H. K. SALZBERG 


Dry Strength 


1. In the absence of cereal binder, increase in mois- 
ture first increases and then decreases dry tensile 
strength. At the higher moisture contents, migration 
of binder becomes evident forming a core of shell 
structure. 

2. With the combination of 0.5 per cent resin and 
1.0 per cent cereal, the cereal has a small effect on dry 
strength at low moisture content but asserts itself rap- 
idly and to an extraordinary degree as moisture is 
brought up to 5 per cent. The effect of migration of 
the resin is still apparent as moisture increases to 7 per 
cent. 

3. Increasing cereal to 2 per cent, considered an ex- 
cessive amount in core mixes, is harmful to dry tensile 
strength in the low moisture range and does not pro- 
vide as much dry strength in the higher moisture 
range as did the first 1 per cent. 


Partings Added to the Sand 


The thermosetting resins are sticky by nature, not 
oily. Even when diluted with the water and sand of a 
core mix, this stickiness is evident. Failure of a core to 
part from the core box renders a core mix unusable in 
practice; hence means to overcome stickiness was one 





IS 





Pas 





X 





ts, 





© 





iy 





Green Compressive Strength, psi 
7s 


ra 
cen 
° 1 2 3 + 5 


Hours 


Port Crescent Lake Sand with: A 1% dry urea resin, B 1% dry 
phenol resin, 3% moisture, no other ingredients. Room tempera- 
ture 80 F, relative humidity 40%. 





iy) 























Fig. 3—Green strength on air drying. 
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Fig. 4—Baking curves for phenol resin binder—425 F. 


of the important research problems. The first expedi- 
ent used was to include kerosene or No. | fuel oil in 
the formula to make up for absence of oil, which satis- 
fied requirements in some cases if the fuel oil content 
was relatively high. In the search for better partings a 
great number of materials have been tested, leading to 
the fortunate discovery that certain classes of organic 
polar compounds are highly effective. Fuel oil or kero- 
sene is retained but added in smaller amounts only as 
a carrier for the parting. In some core mixes as little 
as 4 oz of parting in 1000 lb of sand converts the mix 
from an impossible condition to a freely working sand. 
Mixing 

The conventional order of adding the dry ingredi- 
ents to the sand, then following with water and other 
liquid ingredients is advisable. Starting with dry sand 
is advantageous to control of moisture which is so im- 
portant in this sand practice. However, wet sand pre- 
sents no difficulties provided sufficient mixing time is 
allowed to thoroughly disperse all ingredients. Faster 
mixing is accomplished by diluting or dissolving the 
resin in some of the tempering water before adding to 
the sand. It is important to add the parting last, just 
before completion of the mixing, as too much mulling 
can decrease its effect. Synthetic resin sand mixes are 
being satisfactorily produced in paddle mixers, con- 
ventional mullers and in high speed mullers. 
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Synthetic resins of the core binder class are stable 
during ordinary storage periods of the sand mix and 
immediate use of the sand is not mandatory. The 
binder will not migrate in the sand pile and the only 
precaution is to avoid excessive evaporation of mois- 
ture, particularly if the sand is warm. 


The Green Core 


' The usual means of providing green strength are a 
necessary part of good core practice with the synthetic 
resins. These binders are compatible with wood flour, 
silica flour and the cereals and are usable in sand com- 
binations containing bank sand or float sand. Small 
additions of molding sand bring clay into the mix in a 
form which seems to be less harmful to the dry prop- 
erties of the core than are additions of fire clay or ben- 
tonite. Direct replacement of core oil with either type 
of resin in a mix also containing cereal will usually re- 
sult in a slight decrease in green compression strength, 
and ifthe core mix is on the borderline with respect to 
green strength, some increase in the green bond materi- 
al will be necessary to avoid sags and drops. 
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Although synthetic resins do not contribute to th 
green compression strength of a core upon mixing o 
the sand, an increase of this strength value is experi 
enced as the formed core stands in the air before bak- 
ing. This results from the air-drying property of the 
resins. Comparative air-drying rates are indicated by 
determining the green strength after increasing inter- 
vals of time in the air. Values for the 2-in. A.F.S. test 
specimen are shown in Fig. 3. 


Baking 

The fast baking of the synthetic resins has been 
referred to. The point in baking time at which maxi- 
mum dry strength is reached depends upon many fac- 
tors of the sand mix, the core, and the baking equip- 
ment. Typical baking curves are shown in Fig. 4 and 
5, one set for a urea resin binder and the other for a 
phenol resin binder. Average recommended tempera- 
tures were used in a laboratory oven with circulating 
atmosphere. In each case, baking was continued to a 
period representing an overbake of two to three times 
for the test core. The sand was an Ottawa silica sand 


TABLE 2—CorE MIXES IN PRODUCTION USE 





Gray iron Gray iron Carbon steel 
Production shop Production shop Jobbing shop 
Small cores Fittings Heavy castings 





Lake Sand AFS 55 750 Ib New Jersey AFS 52 160 qt New Jersey No. 70 560 Ib 

Cereal binder 5.6 Ib Cereal binder 4 Ib Silica flour 25 Ib 

Water ll qt Water to 5% Phenol resin powder 9 lb 

Phenol resin liquid 3 pt Phenol resin liquid 1 qt Water 18 qt 

Kerosene 2 qt Kerosene 2 qt Kerosene 2 qt 

Liquid parting 6 oz Liquid parting 1 oz Liquid parting 4 oz 
Muller Speed muller Speed muller 


Cores blown 
Oven temp. 450 F 
Approx. cost *$1.51 


Cores rammed 
Oven temp. 430 F 
Approx. cost $1.01 


Cores rammed 
Oven temp. 450 F 
Approx. cost $3.10 





Carbon steel 
Production shop 
Dry sand molds 


Malleable 
Production shop 
Small fittings 





Bronze 
Jobbing shop 
Large castings 











New Jersey No. 70 580 Ib New Jersey AFS 88 280 qt New Jersey No. 80 200 Ib 
Silica flour 50 Ib Cereal binder 10 Ib Silica flour 25 Ib 
Cereal binder 11 Ib Urea resin powder 5 Ib Cereal binder 3 Ib 
Phenol resin powde 8 lb Water 16 qt Water to 5% 
Water 5 gal Deodorant 8 oz Phenol resin liquid 1 qt 
Kerosene 3 qt Kerosene 2 qt Kerosene 1 qt 
Liquid parting 1 pt Liquid parting 3 oz Liquid parting 4 oz 

Muller Muller Mullboro 

Molds rammed Cores blown Cores rammed 

Oven temp. 475 F Oven temp. 400 F Oven temp. 450 F 

Approx. cost $4.04 Approx. cost $2.16 Approx. cost $1.19 

Brass Aluminum Magnesium 
Production shop Jobbing shop Production shop 
Valves Small & medium Small castings 

New Jersey AFS 70 48 qt Lake Sand AFS 55 480 lb Lake Sand AFS 60 300 Ib 
New Jersey AFS 110 24 qt Bank Sand AFS 80 240 Ib Sulphur : 
Phenol resin liquid 1.5 qt Cereal binder 6 Ib Boric acid 4 Ib 
Water $ at Urea resin liquid 4 qt Cereal binder 3.5 Ib 
Kerosene 1.5 pt Kerosene 1 qt Urea resin liquid 1.5 pt 
Liquid parting 4 o2 Kerosene 1 qt 


Muller 

Cores blown 
Oven temp. 425 F 
Approx. cost $1.03 


Muller 

Cores rammed 
Oven temp. 350 F 
Approx. cost $1.87 


* Per batch, not including sand, delivered costs. 


Muller 

Cores rammed 
Oven temp. 350 F 
Approx. cost $0.86 
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Oven Time in Minutes 


SAND .MIXES 


A B 
Ottawa sand 2000 2000 
Cereal i 10 
Water 60 60 
Dry urea resin 10 10 
Kerosene 8 8 
Liquid parting 1 ] 


All ingredients in grams 


Fig. 5—Baking curves for urea resin binder—350 F. 


of A.F.S. fineness number 68, with moisture at 3 or 4 
per cent by weight. 

Both types of resin are responsive to dielectric heat. 
This new method of drying cores has been described in 
several publications.*:'"-'' Actual production experi- 
ence has been limited largely to the use of urea resins 
but it has been demonstrated experimentally that cores 
made with phenol resins are also to be included in the 
group of binders curable by dielectric heat. More de- 
velopment work with resins of different formulations 
is needed to arrive at specific recommendations. 

For cores of small cross-section, exposure to infra-red 
rays is an effective means of decreasing baking time,* 
though the times observed are not as spectacularly 
short as with die!ectric heat. 


Finishing and Pasting 


Core grinding when necessary does not present diffi- 
culty unless the sand mix has been formulated so 
that it makes a core of shell structure. In the usual 
combinations of resin and cereal binder, the core will 
be of uniform hardness from surface to center. Circum- 
stances which provide a shell structure to the core are 
absence of cereal binder, low resin content in the sand, 
and high moisture, and cores made from such mixes 
cannot be ground satisfactorily. 

Cores made from the typical mixes given in Table 2 
or similar mixes will absorb and hold blackings and 
washes when these are applied with proper attention 
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to formulation, application and drying. Since such 
coatings are usually made with water and since water 
additions strengthen the surface of resin-bonded cores, 
the wash will not only provide its own protective coat- 
ing but will strengthen the underlying sand surface. 
Drying after coating must be thorough to observe this 
advantage. Cores made from mixes of low moisture 
content can be improved as to surface hardness by a 
light spray of water applied before baking. 

Cores bonded with plastic binders are pasted with- 
out difficulty. Here again, however, if the core is of 
extreme shell structure, the surface may be too thin to 
hold firmly to the underlying sand when weakened by 
the water of the paste. Under such circumstances a 
non-aqueous paste is useful. Pastes are available which 
contain synthetic resin as the organic bond and should 
be advantageous under circumstances where the core 
is exposed to damp atmospheric conditions. 


Smoke, Fumes and Gas 


It is to the credit of the industry that efforts are being 
made to improve the foundry as a place to work. Re- 
duction of smoke and fumes is a direct contribution to 
this program. Core baking contributes a heavy share 
of the unpleasant atmosphere of many foundries. In 
consideration of fumes at this point, while the syn- 
thetic resins do not produce any condensible distillate, 
they do give off formaldehyde fumes while curing, the 
phenol resins considerably less than the urea resins. 
If the oven is well designed for circulation and venting 
of its atmosphere, this fact causes no discomfort in the 
core room. Except for this, the resins are clean baking 
and do not build up gummy deposits in the oven. 

Organic binders exposed to the heat of molten metal 
under conditions existing within a green sand mold 
are distilled by the heat rather than burned, if we ac- 
cept the definition of burning as a process of thorough 
oxidation. The chemical composition of the material 
determines the nature of the vapors produced. Urea 
resins produce formaldehyde, ammonia and amines 
when the metal contacts the core, and while these 
fumes are not particularly toxic, they are unpleasant. 
An expedient which moderates their sharpness is to in- 
clude one of the following in the core mix: wood flour, 
dextrin, sulphite binder or pine resin. The phenol 
resins give very little odor on decomposing and are not 
smoky. 

Brown" has recently presented data on volume of 
gas given off by cores containing one per cent by weight 
of single binders when, subjected to the heat of poured 





Fig. 6—Gear case core. 
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Fig. 7—Blown jacket core. 


aluminum. From a series of five different urea resins, 
gas in the range of 3 to 6 cc per gram of core was 
evolved. The urea resins and cereals gave off gas at 
about an equal rate and substantially faster than did 
the core oils. Morgan! determined gas evolution from 
cores containing combinations of thermosetting resins 
with cereal binder. Neither author is specific as to 
purity of the resin binders used. Data showing the ash 
content of each binder would be of interest. 


Knock-Out of Core 


Chamberlin and Peters'® compared the retained 
strength of cores bonded with urea resin or core oil in 
a non-oxidizing atmosphere. The breakdown of the 
resin was substantially faster. This fast response to 
heat of the urea resins made them of great usefulness 
in the production of magnesium castings during World 
War II and is the reason that this resin is advocated 
today for light metal castings requiring good core 
collapsibility. 

These authors did not investigate phenol resin bind- 
ers in this way. In the standard retained strength test 
using the dilatometer, the several types of binder gave 
the values shown in Table 3. The cores were all ap- 
proximately of the same dry tensile strength (in the 
range 140-155 psi) and were of New Jersey silica sand 
A.F.S. 60, with no additions other than the binders 
listed. Heating was at 500 F for a period of 12 min. 


TABLE 3—RETAINED STRENGTH OF VARIOUS BINDERS 








Binder Retained Strength (psi) 
Urea resin A 42 
Urea resin B 49 
Corn flour cereal 165 
Urea-resin-dextrin 197 
Phenol resin 202 
Core oil A 467 








Fig. 8—Gray iron block casting made with pin cores. 


This low temperature was used because the study ap- 
plied to synthetic resins for the light metals at the 
time. 

Where the design of casting is such that the burned 
core sand flows out into the molding sand, collapsi- 
bility of core must be moderated if such dilution is 
harmful. However, some experience has indicated that 
contamination of the molding sand with resin-bonded 
core sand affects the rebonding of the molding sand 
less than does sand from oil-bonded cores.® 

Laboratory experiments were carried out with brok- 
en cores and unburned cores, ground to separate the 
sand grains, and rebonded with urea resin binder. The 
results indicate that such sand can be rebonded to the 
original strength by the use of two-thirds as much resin 
as used originally. 


Present Jobs in Production 


Photographs of cores include Fig. 6, a gear case core 
(courtesy Superior Foundry Co.) ; and Fig. 7, an auto- 
motive jacket core bonded with phenol resin binder. 

The photographs show castings which are being 
made on production schedules with plastic-bonded 
cores. Figure 8 is an experimental casting showing the 
cored surface using phenol resin pin cores surrounded 
by 2 in. of iron (courtesy Bennett-Ireland Co.). Figure 
9 shows malleable iron tee cores and casting (courtesy 
Columbia Malleable Castings Co.). 


Summary 


Urea resins and phenol resins in grades modified and 
improved for use as core binders are described so that 





Fig. 9—Malleable iron tee and core. 
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ready identification is possible. 

Properties which are inherent in these resins must 
be acknowledged and understood for efficient use of 
them, as they are unlike any other core binder in some 
respects. 

The urea resins have properties indicating their use 
most effectively as binder for cores for the light metals 
and malleable iron castings; the phenol resins of higher 
heat resistance are indicated for use in cores for gray 
iron, steel and non-ferrous castings. 

Green and dry core physical properties are depend- 
ent upon the resin-cereal-water relationship once the 
sand or sand-plus-clay ingredient is decided, and in 
this relationship the cereal-water ratio predominates. 

Surface-active chemical agents are highly effective in 
changing the nature of a resin-bonded sand from a 
sticky to a free-working condition. These are added to 
the sand mix during mulling. 

The synthetic resins are exceptionally rapid in form- 
ing a dry skin on green sand cores, thus contributing to 
delayed green strength before baking. 

While the urea resins must be used with facilities 
and expedients to avoid contamination of foundry 
sand and atmosphere with formaldehyde and amine 
fumes, the phenol resins are markedly free of odor dur- 
ing baking and pouring. 
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DISCUSSION 


Chairman: T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Co-Chairman: C. B. Jenni, General Steel Castings Corp., 
Eddystone, Pa. 

J. W. Caste (Written Discussion)" 1 would like to expand 
Dr. Salzberg’s paper as it applies to high frequeney core baking. 
The author pointed out the adaptability of resin-type thermo- 
setting binders to dielectric heating, and showed an illustration 
of three cores that were baked dielectrically in time cycles rang- 
ing from a few seconds up to 90 min for a large cylindrical core 
weighing approximately 40 Ib. It should be pointed out that 
these heating times were governed by the capacity of the labora- 
tory high frequency heating equipment, just as the heating rate 
in any thermal process is limited by the capacity of the source 
of heat energy. A typical unit furnished commercially for high 
frequency core baking has a rating of one-half ton of cores per 
hour, and on this basis, the 40-lb core described above would 
be baked uniformly throughout in a little over 2 min. 

The only limitation as far as speed of heating is concerned 
when dielectric heating is used, is the release of the steam 
evolved during the heating cycle. This is controlled to a great 
degree by the green permeability of the core, and the 40-lb core 
under discussion could be baked in the 2 min heating cycle 
without danger of rupture unless the mix had an extremely low 
permeability. Along these lines, the fact that the steam is 
evolved uniformly throughout the mass and is forced to the 
surface to escape, precludes any possibility of a surface sealing 
by the outer sections of the core baking before the inner sec- 
tions; a condition which fundamentally obtains with conven- 
tional core baking methods. This surface sealing makes the 
elimination of moisture and volatiles from the inner parts of 
the mass a much more difficult procedure, and attempts to speed 
up the baking cycle in conventional heating methods build up 
internal pressures which are destructive to the surface of the 
core. This is not the case in high frequency core baking. 

Another interesting aspect of the data presented in this paper 
is the falling-off in tensile strength with prolonged baking time, 
as shown in the curves with one of these variables plotted 
against the other. When high frequency core baking is em- 
ployed, the values of the time axis are reduced from minutes to 
seconds. The curves flatten out, but do not fall off, since there 
is no possibility of over-baking when this heating method is 
used. While this is not so important where the core geometry 
is uniform, with good control of the temperature throughout the 
core, it is extremely important in cores of widely-varying cross- 
sections, and this latter condition is the one which generally 
prevails in the core room. By the use of high frequency heating 
and resin binders, optimum physical characteristics can be ob- 
tained in all sections of the core, regardless of mass distribution, 
with absolute assurance of no over-baking. 

This feature also applies to cores of different sizes being run 
through the oven indiscriminately. The smaller cores, under 
conventional baking methods, bake more rapidly than the 
larger ones, and over-baking is common unless special care is 
taken to remove the cores of lesser mass from the oven when 
they attain optimum physical characteristics. High frequency 
heating prevents the smaller cores from being over-baked by 
virtue of the loss in energy transfer to the unit mass of core 
material as soon as the moisture has been driven off and the 
resin cures. , 

The core mixes given by the author in Table 2 have been 
examined and found to be very similar to those being used with 
high frequency core baking, and all are undoubtedly suitable 
for high frequency baking. The wide scope of application, both 
from the standpoint of size and shape of the casting and type of 
metal being poured, is indicative of the versatility and flexibility 
of resin binders, and these qualities are extended through the 
use of high frequency heating. In this connection, many users 
of plastic binders in combination with high frequency heating 
have reported that any desired physicals can be obtained with 
this core baking technique, and such an acceptance should be a 
great incentive for the author to continue the program for 
improving these binders and advising the foundry industry of 
such development. 


1 Consulting Engineer, New York 
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H. E. Henperson (Written Discussion):* I wish to compli- 
ment Mr. Salzberg on his excellent paper and would like to say 
that I am in agreement with its entire contents. There is one 
point however that I would like to bring out. In Table 2 there 
are listed two mixes for use with gray iron. From our experience, 
we are now producing about 80 tons per day of resin-bonded 
cores at Lynchburg; we would expect only limited application 
to specific cores with these mixtures. We have found that instead 
of the 0.75 to 0.83 per cent cereal it requires from 1 to 114 per 
cent cereal for sufficient green strength for our average core. 

We have run into considerable difficulty due to low green 
strength such as the larger cores (100 Ib and up) sagging and 
spreading. Blown cores which are rolled into a dryer plate 
tend to spread and bind themselves to the dryer plate, especially 
in a core of intricate design. This has been our number one 
problem. Since you cannot economically add clay or bentonite 
to the mixture we have only cereal available for green strength, 
but since cereal is very potent in increasing the deformation and 
toughness, we are limited in cereal addition from the standpoint 

. of workability. We have found that cereal content in excess of 
114 per cent increases stickiness and tends toward soft rammed 
cores. This cereal limitation necessitates rigid contcol of mois- 
ture, mixing procedure and cycle, especially for blown cores. 

Mr. SALzBERG: Mr. Henderson questioned the usability of the 
two gray iron mixes in Table 2. I believe the work at Lynch- 
burg is on considerably higher weight castings and cores than is 
indicated in tliese two mixes. The first mix is for small cores, 
as indicated, and the second mix is for fittings, so there we get 
by with considerably less binder than we do in the larger cores, 
particularly on cereal binder where green strength is required. 

Mr. Henderson brought out the problem of green strength 
in the sand. That is a big subject and I hope it will be the sub- 
ject of future discussions in the adaptation of the resin binders 
to foundry sand cores. We do lose green strength when we put 
resin in the sand mix in place of oil in the presence of cereal. 
We lose more or less green strength, depending upon the sand 
and its ingredients. How do we account for that? How are we 
able to make that up? We do not recommend use of bentonite 
or fireclays, except in moderate amounts. If we do, we have to 
increase the cereal and the resin to take care of the loss in 
strength. We often recommend the use of additions such as iron 
oxide if higher hot strength is also desired or the use of silica 
flour, particularly in steel foundries. These ingredients increase 
green strength without dropping the dry strength. 

Thirdly, we sometimes recommend the addition of a small 
amount of molding sand to the core sand. Of course, that de- 
creases permeability somewhat, but many cores can stand some 
slight drop in permeability. 

Mr. Cable brought up the matter about the 40-lb core. At 
the time we baked those cores, our unit was a small dielectric 
unit of only 2 KW capacity. 

G. M. Bapcer:* I should like to ask Mr. Cable why we have 
had non-uniform baking of different sized cores in our dielectric 
unit which is rated at 15 KW input on 19 meters? We had small 
cores and large cores going through the oven at the same time 
and the small cores were not being baked properly while small 
parts of the large cores were thoroughly baked. 

Mr, Caste: I can explain it this way: Large cores which 
have small sections, as compared to two separate cores of rela- 
tively the same geometry, do not react the same to dielectric 
heating for two reasons. First, the small sections are heated as a 
result of thermal flow from the large mass of the core, thus heat- 
ing the entire core more or less uniformly even though certain 
sections have less energy transferred to them than others. Sec- 
ondly, the high frequency field and stray currents which flow in 
the central mass of the core tends to fringe out and include 
sections which would not heat independently when passed 
through the dielectric heating unit. In order to bake large and 
small cores placed on the conveyor belt indiscriminately, the 
speed of the conveyor must be reduced to allow the small cores 
sufficient time between the electrodes for complete baking, and 
simply allow the larger cores to stay between the electrodes 
longer than necessary. This does not damage ‘the cores, since it 
is impossible to overbake them when dielectric heating is used. 





2 Plant Metallurgist, Lynchburg Foundry Co., Lynchburg, Va. 
8 Staff Engineer, Aluminum Co. of America, Massena, N. Y. 


Piastic BINDERS For FOUNDRY SANI 


Naturally, some reduction in output must be expected. 

Extensive tests and studies are being made to improve thi 
condition by increasing the operating voltage of the electrodes, 
and developing improved circuits-that will help in this direction. 
However, where high ratios of thickness are encountered be- 
tween the largest and smallest cores, it is my opinion that some 
reduction in rating of the equipment will ensue. 

S. H. CLeLanp:* My understanding is that in using these 
cores many foundrymen experience difficulty with sticking so 
we have not used them for that reason. Has the sticking been 
overcome and, if so, how has it been done? 

Mr. SAvLzBerG: In all our mixes we have two added ingre- 
dients in addition to the resin binder; we have the fuel oil and 
parting. It was the discovery of the parting which made possible 
workable mixes. There is no place in a foundry for a sticky core 
sand mix. It belongs out in the dump, not only because it slows 
up production at the core box but it gums up the muller, strike- 
off tools, and makes everybody unhappy. These partings added 
with the resin change the sand mix from a sticky mix to a per- 
fectly free-working sand which will polish the muller, keep the 
strike-off tools clean and refuse to stick to the core boxes. As a 
carrier for the parting, we recommend a small addition also of 
kerosene or No. | fuel oil. 

MEMBER: What residues are left on the sand in sand reclama- 
tion after it is used as a core? Is it going to change our views 
and our thinking toward sand reclamation? 

Mr. SAtzBerG: If by reclamation you mean the screening of 
the sand and the reuse of old core sand, we know that that is en- 
tirely possible. If by reclamation you mean the burning of all 
the binder from the sand, that presents no problem in the case 
of either resin. In the case of the urea resin residues still on the 
sand grains, the burning of that residue from the sand grains is 
done readily because of the heat sensitivity of the binder. 

W. M. Pererson:® The author mentioned the use of a liquid 
parting. Is this parting the type now commonly used by the 
foundry trade or something specifically developed for use with 
plastic binders? 

Mr. SAtzBerc: The partings are oily materials but they are 
not oils 1n the sense that an oil is an oil. They are not silicones, 
either. A silicone is a good release agent and a silicone in the 
core box does quite a bit of good as a parting applied to the 
core box. 

E. C. Jerer:* When-we talk of drying cores so rapidly with 
dielectric heat, are we not forgetting about the rapidity with 
which moisture can be removed from a heavy core? We have 
trouble occasionally with the cracking of cores by drying too 
rapidly and we start with moisture much lower than 3 per cent. 
Is there not a limit to how fast this moisture can be driven off? 
In talking about drying in ovens, is there not a limit to how 
fast the heat will actually penetrate a core? There has been no 
mention made of these two points and it seems that both of 
those things would limit the speed at which drying could be 
done. 

Mr. SALzBERG: It is surprising that at these moisture contents 
of 4 and 5 per cent we have thorough bakes with a moderate 
size sand grain in such a short period of time. As a factor in 
that, we have the advantage that the resin is thoroughly cured 
when the last of the moisture has disappeared from the core. By 
introducing resin into the sand, we are not changing the thermal 
properties of the core from the standpoint of evaporation of 
water. We still have to get that water out of there, and it is 
going out of a resin core at the same rate it is out of a core 
bonded with anything else. 

Mr. CasLe: One point to consider in dielectric heating is the 
fact that in the conventional type oven, we are first heating the 
surface of the core and possibly will trap moisture in the center 
that is later evaporated after the penetration of heat. Whereas, 
in dielectric heating, the flow of steam is from the inside, as the 
heat is generated uniformly throughout. The surface is the last 
thing that loses its moisture, thereby permitting the evaporation 
rate to be increased until it reaches the value where physical 
damage results. This is controlled by the permeability, since 
you actually evolve steam so fast that it bursts the core. I think 
also that the velocity of steam flow has a lot to do with it. 


Eastern Clay Products Co., Detroit, Mich. 
5 Chemist, M. A. Ball Co., St. Louis, Mo. 
* Foundry Manager, Ford Motor Co., Dearborn, Mich. 
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Progress Report on 


SURFACE HARDENING OF PEARLITIC MALLEABLE IRONS 


By 


S. H. Bush,' W. P. Wood,? and F. B. Rote * 


ABSTRACT 


Seven pearlitic malleable irons exhibiting wide differences in 
chemical composition, production practices, and microstructures 
have been investigated for response to surface hardening heat 
treatments. Fiame and induction (3000 and 9600-cycle) heating 
followed by oil, water, or spray quenches have been used for the 
surface hardening treatments. Case hardness and depth were 
determined by Rockwell C measurements and metallographic 
examination of etched specimens. 

On the basis of a hardness of 50 Rockwell C at a minimum 
depth of 0.060 in. all of the pearlitic malleable irons investi- 
gated could be satisfactorily induction hardened (9600-cycle) 
without an excessive depth of case. The irons induction hard- 
ened in the 3000-cycle unit met the hardness specifications of 50 
Rockwell C at 0.060 in., but the depths of the hardened cases 
were greater than 0.20 in. Irons flame hardened at an indicated 
temperature of 1500 F (815 C) were satisfactory when quenched 
in water. With an oil quench the hardness of the cases was be- 
low the specified hardness value of 50 Rockwell C at 0.060 in. 
Comparisons of the response of the irons to various forms of 
surface hardening heat treatments are given graphically. The 
irons are also compared on the basis of chemical composition. It 
is concluded that there is no optimum microstructure for all 
types of treatment. 


Introduction 


NO SYSTEMATIC INVESTIGATION of the response of 
pearlitic malleable irons to surface hardening has been 
published in the literature. Such information is de- 
sired due to the increasing use of surface hardened 
pearlitic malleable iron. The work discussed in this 
paper is a progress report on such an investigation, 
using seven different pearlitic malleable irons sup- 
plied by the following foundries. 

1. Belle City Malleable Iron Company 
2. Central Foundry Division, General Motors Cor- 
poration 
. Chain Belt Company 
Deere and Company 
5. Link-Belt Company 
6. National Malleable and Steel Castings Company. 
These irons are standard products of the participating 
foundries, and represent the entire range of micro- 
structure, chemical composition, and malleabilizing 


t # OO 


~ 1 Research Fellow, Chemical Metallurgical Dept., University 
of Michigan, Ann Arbor, Michigan. 

* Professor of Metallurgical Engineering, University of Michi- 
gan. 

* Asst. Professor of Metallurgical Engineering and Metal Proc- 
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cycles normally experienced in pearlitic malleable 
irons. Table 1 and Fig. 1 show as-received properties. 

The purpose of this investigation was to determine 
whether or not there is an optimum microstructure 
for surface hardening such irons. The irons are com- 
pared on the basis of their response to a particular 
surface treatment and on the effect of varying the con- 
ditions within a certain type treatment. The variables 
examined were type of heat treatment (i.e. flame and 
induction hardening at high or low frequency) rate 
of power input, time of heating or time to quench, 
surface temperature, and type of quench. It was felt 
that these variables would cover the normal industrial 
conditions encountered in the surface hardening of 
pearlitic malleable irons. An evaluation of the data 
obtained could then be used in selecting the optimum 
microstructure under any specific set of hardening con- 
ditions, or in determining an optimum structure for 
all hardening conditions. 

Metallographic examination revealed that the mat- 
rices of the seven irons fell into four broad micro- 
structural classifications. These structures were: 

1. Pearlite combined with spheroidized cementite, 
plus a bullseye structure (Irons A, B, H, Me). 
A ferritic matrix with small areas of medium 
pearlite and a large quantity of spheroidized ce- 
mentite (Iron D). 

. A spheroidized matrix with chains of cementite 

at the grain boundaries (Iron E). 


2. 
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SURFACE HARDENING OF PEARLITIC MALLEABLE [IRONS 


TABLE 1—PROPERTIES OF AS-RECEIVED PEARLITIC MALLEABLE IRON Bars 





Melting 
Procedure 


Analysis 
Type C nn te? S Cr. 


Malleabilization Cycle Hardness 


Brinell 
Microstructure 





‘A 260 140 042 0.06 0.12 0.025 Duplex 
(cupola-elec- 
tric) 


B 242 147 048 0.09 0.15 0.03 
0.00159% Boron at ladle 


Duplex 
(cupola-air) 


E 2.30 0.90 0.25 0.16 0.06 —— Air furnace 
240 1.10 0.35 


12 hr at 1750 F, air 
quench. Draw at 1225 F 


16 hr at 1750 F; 
still air from 1600 F; 
draw 1240 F for 6 hr. 


Completely malleabil- 
ized followed by heat— 
to 1475 F 15.min and 


199-219 Bullseye 
50% fine-medium pearlite 
50% spheroidized cementite 


193-232 Bullseye 
70% medium pearlite 
30% spheroidized cementite 
Some massive cementite 


182-204 No bullseye 
75% spheroidized cementite 
Small islands of medium 
pearlite 


179-206 No bullseye 
Spheroidized or chain-like 
structure of cementite 


oil quenching 
Draw, 1200 F. 


H 2.25 1.00 1.00 0.12 0.15 -—— _ Triplex 
2.40 1.10 1.15 (cupola-air) 
electric 


M, 2.50 1.05 0.50 0.135 0.175 0.030 Duplex 
(cupola-air) 


Ist stage 1800 F; oven 
cooled to 1400 F; 
4°/hr, 1400-1300 F, 
Total time, 100-140 hr. 


1800 F maximum, 
30 hr above 1500 F, 


187-206 Bullseye 
Medium pearlite surrounded by 
ferrite. Some spheroidized 
cementite. Many inclusions 


183-192 Completely spheroidized 
Very irregular graphite 


oil quench, 
draw 214 hr at 1280 F. 


M, 2.50 1.05 0.75 0.135 0.175 0.030 Duplex 
(cupola-air) 


1700 F maximum, 
65 hr above 1500 F, 
furnace cool. 


183-204 Large bullseyes 
Pearlite—coarse and largely 
decomposed. Mainly spheroidized 
cementite 





4. A spheroidized cementite structure (Iron M;). 
The last three had no bullseye structure. Figure 2 
shows these four microstructures at 500 diameters. 

Examination of the graphite size, shape, and dis- 
tribution revealed that the seven irons again fell into 
four broad classifications. These structures when com- 
pared at 100 diameters (Fig. 3) were: 

1. Graphite size 34 to 4 in. in diameter, regular in 
shape; 1 to 3 pieces of temper carbon per square 
inch. Two irons, A and B, have such a structure. 

2. Graphite size 4 to 34 in. in diameter, irregular 
in shape with some tentacles; 14 to 1 piece of 
temper carbon per square inch. Irons D, E, and 
H have this structure. 

3. Graphite size 1 to 2 in. in diameter. Very irregu- 
lar with several tentacles; 14 to 14 piece of tem- 
per carbon per square inch. Iron M, has this 
structure. 

4. Graphite size 3% to 34 in. in diameter, regular 
structure and usually has 2 pieces of temper car- 
bon adjacent; 114 to 214 pieces of temper carbon 
per square inch. Iron Mg has this structure. 

Prior to surface heat treatment, the bars were ma- 
chined to 1-in. diameter from an as-cast diameter of 
11% to 1% in. This gave a uniform smooth, machined 
surface for heat treatment. The bars were 8 in. in 
length after machining. 


Equipment and Procedures 


3000-Cycle Induction Heating.—A 3000-cycle motor- 
generator unit was used for the low frequency induc- 


tion heating. A 6-turn copper coil in series with a 20- 
turn ballast coil was balanced by varying the number 
of effective turns in the ballast coil. By proper adjust- 
ment, a power factor of 1 could be obtained. Tests 
were made at 28, 34, and 38 KW. The heating time 
varied from 7 to 40 sec. All samples were immediately 
quenched into a tank of highly agitated water. 


9600-Cycle Induction Heating.—A 150-KW experi- 
mental motor-generator unit at the Tocco Division, 
the Ohio Crankshaft Co., was used for all tests made 
at 9600 cycles. A single-turn copper coil heated a zone 
about | in. in width. This coil was coupled with a 
perforated plate through which the samples could be 
spray quenched. Three tests were run on each bar 
which permitted better comparison of response to 
hardening, since the differences from bar to bar were 
eliminated. Test bars were heated at a power input 
of 32 KW for 3, 4, and 5 sec.; 50 KW for 2 sec.; and 
75 KW for 1.5 and 2 sec. 


Flame Heating.—Most of the flame hardening tests 
were carried out on Flamatic units of the Cincinnati 
Milling Machine Co. These units were equipped with 
a pyrometer to control electronically the time and sur- 
face temperature. Temperatures given in the report 
are those indicated by the pyrometer. The bars were 
rotated between two torches during heating and 
quenched immediately into oil or water. Agitation 
was obtained by stirring with the heated bar until it 
was cool. The rate of heating was controlled by the 
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Fig. 2—Typical matrix microstructures of pea 


spacing between tips and piece. Indicated tempera- 
tures of 1450 F (788 C), 1500 F (815 C) and 1600 F 
(870 C) were used. 


Test Procedure 


A longitudinal hardness survey was made on the 
heat treated sections to locate the point of maximum 
surface hardness. The bars were sectioned transversely 
at this point for a transverse hardness survey and 
macro-etching. The samples were etched with 15 per 
cent nitric acid to determine case depth, which was 
compared with the results obtained from a Rockwell 
C hardness survey. Two series of hardness tests were 
run in the form of skew curves extending from the 
surface to the interior beyond the edge of the hard- 
ened zone denoted by the marco-etch. Certain sec- 
tions were examined to determine the microstructure 
of the hardened case. 





pF. es 





D—Code M, Iron 


rlitic malleable irons investigated. Nital etch. 500. 


The hardness data were plotted versus the radial 
distance of the penetration from the surface. Hard- 
nesses of bars from the same foundry heat, when heat 
treated in the same fashion, were plotted together. The 
hardness-depth data fell within a band, 2 to 6 points 
Rockwell C in width and similar to a hardenability 
band. A median line was drawn through each band, 
and the response of the same iron to different heat 
treatments, as well as the response of different irons to 
the same heat treatment could be compared by plot- 
ting these median lines. 


Results 


Criterion.—Case hardness and depth were selected by 
the A.F.S. Malleable Iron Division Research Com- 
mittee as the criterion of comparison among the vari- 
ous irons investigated. The limits established for the 
cases were 50 Rockwell C at a depth of 0.060 in. Case 
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SURFACE HARDENING OF PEARLITIC MALLEABLE IRON: 


D—Code M, Iron 


Fig. 3—Typical graphite size, shape, and distribution of pearlitic malleable irons investigated. Nital etch. 100. 
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Fig. 6—3000-cycle induction hardened, 38 kw, water quench. Heating time was 9 sec. 500. Diffusion limited 
and solution of carbides incomplete. 
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C—Code A Iron, 75 kw, heating time 2 sec. 


SURFACE HARDENING OF PEARLITIC MALLEABLE IRON 





D—Code D Iron, 75 kw, heating time 2 sec., 
eutectiform graphite. 


Fig. 9--9600-cycle induction hardened, water spray quench, 500. Complete solution of carbides. Variation in 
microstructure with time, power, and initial microstructure. 


depths were to be kept as near this limit as possible, 
and cases were not to be thinner than this. The most 
favorable case would then be one measuring Rockwell 
C 50 at 0.060 in. and dropping rapidly to the hardness 
of the untreated bar. 

3000-Cycle Induction Hardening.—Irons A, D, E, 
and H were hardened in the 3000-cycle induction unit. 
Power settings of 28, 34, and 38 KW were used, and 
the result obtained with the most successful of these, 
38 KW, are shown in Fig. 4 and 5. 

At both 28 and 34 KW heating a minimum of 20 
sec was necessary to harden to 50 Rockwell C at 0.060 
in.; however, this produced an excessively deep case. 
The hardness of the irons was 32 to 34 Rockwell C at 
0.180 in., three times the desired case depth. At 38 
KW a shallower case was obtained in a shorter time. 
When the irons were heated for 12 sec at 38 KW they 
averaged 50, 49, 47, 46 Rockwell C at 0.060 in. These 


were irons D, H, A, and E, respectively. The hardness 
at 0.180 in. was lower than that with 34 KW but still 
measured 24 to 30 Rockwell C. Figure 4 illustrates this 
particular condition. Decreasing the heating time to 9 
sec decreased the case depth, but it also produced a 
hardness less than 50 Rockwell C at 0.060 in. This is 
shown in Fig. 5. 

An examination was made of the microstructures of 
irons A, D, E and H after heating for 9 sec and water 
quenching. These microstructures are shown in Fig. 6 
at a magnification of 500 diameters. 

Examination of the microstructures of the hardened 
cases indicates that little or no diffusion of carbon 
occurred during the heating cycle. The bullseye struc- 
ture still remains, as does the predominately ferritic 
matrix in the case of Code D iron. The structures of 
irons heated for 9 sec at a power input of 38 KW as 
shown in Fig. 6 shows the ghost lines characteristic of 
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A—1600 F (870 C) martensite plus white iron formed B—1500 F (815 C) 

near surface by liquation 

Fig. 10—Code D Iron, flame hardened, oil quench, 

500%. %e-in. tip-piece. Variation in case with ob- 

served temperature. Mixed pearlitic and martensitic 
structure. 
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C—Code H Iron 


SURFACE HARDENING OF PEARLITIC MALLEABLE [RON 


D—Code M, Iron 


Fig. 14—Flame hardened, water quench, observed temperature 1500 F (815 C), 500. Comparison of microstruc- 
ture of different irons under similar heat treatment. 


a structure in which only partial solution occurs. As 
a result lamella of cementite and martensite are pres- 
ent which raise the hardness of the case from 14 to 18 
Rockwell C up to 45 to 55 Rockwell C. 

9600-Cycle Induction Hardening.—All irons were 
hardened in the 9600-cycle unit. Figure 7 shows the 
results of tests at 32 KW, 4 sec. In Fig. 8 the results 
of tests at 75 KW, 1.5 sec are indicated. 

All bars tested at 32 KW for 3 sec fell below the 
standard established, but a case of 0.015 to 0.020 in. at 
50 Rockwell C could be obtained with Code A, B, D, 
H, and M, irons. At 4 sec, 32 KW all irons met the 
specifications. At 0.060 in. only Code B was below 53 
Rockwell C, it being 51 Rockwell C, and at 0.180 in. 
only Code B was harder than 20 Rockwell C. Figure 7 
compares all irons under the condition of 32 KW, 4 
sec. At 5 sec, 32 KW the cases are excessively deep. 
All, other than M,, were 51 Rockwell C at 0.120 in. 


When the power was increased to 50 KW, satisfactory 
cases were obtained by heating 2 sec. While the aver- 
age values, as shown in Fig. 8 for 75 KW, 1.5 sec, are 
slightly low, the cases were uniform and dropped 
sharply in hardness. The worst case measured 50 Rock- 
well C at 0.045 in. and the best measured 50 Rockwell 
C at 0.070 in. or only a 0.025 in. spread, increasing the 
time to 2 sec at 75 KW increased cases to almost twice 
the depth. Results were more scattered also. 

Typical microstructures of the hardened cases are 
shown in Fig. 9. The structures shown are common 
to all of the irons. As a result only the variations due 
to changes in time, power, or gross differences in 
microstructures are shown. 

Microstructures of bars treated with the 9600-cycle 
unit showed complete solution of cementite and rapid 
diffusion. A uniformly martensitic structure was ob- 
tained in the irons, except in the case of very large 
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bullseyes or when eutectiform graphite was present. 
Figure 9 A, B, C shows how the martensite is coarsened 
by both time and power. Here the same bar has been 
treated at (A) 50 KW, 2 sec, (B) 32 KW, 5 sec, and 

(C) 75 KW, 2 sec. The coarsest martensite was 
formed in (B); (C) was coarser than (A). Figure 9 
D illustrates the effect of eutectiform graphite on the 
hardening of pearlitic malleable irons. Due to the 
iarge volume of retained ferrite, hardness was marked- 
ly lowered. Such areas of eutectiform graphite were 
found to occur in all irons examined. 

Flame Hardening.—All irons, other than Code B 
were flame hardened using both oil and water 
quenches. Code B iron was oi} quenched only. The 
results of hardness surveys on bars water quenched 
from an observed temperature of 1500 F (815 C) and 
differing only in %¢ in. and 3% in. distances from tip 
to piece are shown in Fig. 12 and 13. Figure 10 illus- 
trates variation of microstructure with temperature 
and Fig. 14 shows the microstructures of flame hard- 
ened cases of the four types of irons. 

Excellent results were obtained on flame hardening 
with the Flamatic unit. The case hardnesses were high 
and uniform. In early tests at an indicated tempera- 
ture of 1600 F (870 C), liquation was observed at the 
surface. These fluid zones were converted to white 
iron in the quenched bar. Later tests were run at an 
observed temperature 1450 F (788 C) and 1500 F (815 
C). Satisfactory case depths and hardnesses were ob- 
tained at 1500 F (815 C). However, in the samples 
quenched in oil a mixed pearlitic-martensitic structure 
occurred. This resulted in spotty hardnesses. Figure 
10 shows how the structures vary with indicated 
quenching temperature. In Fig. 10 A at 1600 F (870 
C) the white iron may be observed. Figure 10 C dif- 
fers from Fig. 10 B in amount of martensite present. 

A satisfactory operating temperature was selected 
on the basis of tests made at indicated temperatures 
of 1450 F (788 C); 1500 F (815 C), and 1600 F (870 
C) using bars of Code B iron. In Fig. 11 the results 
obtained, when the bars were quenched in oil are 
shown. It is apparent that an indicated temperature 
of 1500 F (815 F) is most satisfactory, and this tem- 
perature was used for all other tests made. A com- 
parison of the irons, when quenched into oil from 
1500 F (815 C), indicated that Code M, and E were 
not satisfactory. These irons have spheroidized struc- 
tures. The quenching medium was switched from oil 
to water and a run made under the same conditions of 
¥% gin. tip-piece and 1500 F (815 C). In this case the 
irons were found to be satisfactory with the exception 
of Code M,;. Due to poor microstructure (i.e. eutecti- 
form graphite) test results on Code M, were dis- 
carded. In Fig. 12 a comparison of the irons is given 
when the conditions were %g¢-in. tip-piece, 1500 F 
(815 C), and water quench. Figure 13 illustrates the 
effect of changing the tip-piece distance from %g@ in. 
to 34 in. This change improved the cases. 

The microstructures of the hardened cases consist 
of a coarser martensite than in induction hardened 
samples but there is more ferrite retained. Figure 14 
shows four such hardened cases and a comparison with 
Fig. 6 and 9 induction hardened samples show this 
difference in microstructure. 





Discussion of Results 


3000-Cycle Induction Hardening.—Tests conducted 
to date indicate that the long heating time required 
to austenitize at 28 to 388 KW and 3000 cycles produced 
excessive heat penetration. The hardnesses were often 
nonuniform and did not meet the hardness specifica- 
tion of 50 Rockwell C at 0.060 in. An improved coil 
design might permit hardening over shallower limits, 
but it is believed that this frequency would be more 
satisfactory if a case thicker than 0.060 in. were per- 
missible. Because of the failure to meet case hardness 
specifications, the results are used only for comparison 
among the different irons, whether they met specifica- 
tions or not. 


9600-Cycle Induction Hardening.—Results obtained 
with the 9600-cycle motor-generator indicate that any 
power greater than 32 KW, the lowest investigated, 
would be satisfactory for obtaining cases of 50 Rock- 
well C at 0.060 in. The results of tests at 9600 cycles 
indicated that all of the structures investigated were 
satisfactory on the basis of a hardness specification. A 
slight difference was noted among the bars, but not 
enough to state that one particular structure was bet- 
ter than others. 

Since other properties, such as wear resistance or 
shock resistance, are of importance in surface hardened 
pearlitic malleable irons, it is believed that some other 
criterion or criteria must be used as a means of select- 
ing the structure best suited to surface hardening. 
Even so, on the basis of present results, it is not certain 
that such a thing as a truly optimum microstructure 
exists. A structure may be best with some certain 
power and time treatment, as in the use of Code D 
iron at 50 KW, 2 sec but some other structure may 
prove to be more satisfactory when the irons are 
treated in some other fashion. For example Code B 
is better than Code D at 75 KW, 2 sec. The compari- 
son given in Table 2, where the different irons are 
tabulated in order of increasing case depth under the 
same treatment, serves to show how one iron may be 
better under some certain treatment. On the basis of 
case depth defined as the point where the curve of 
hardness versus depth most nearly approaches the ver- 
tical, it is apparent that Code D iron is best when 
induction hardened. However, Fig. 5, 7, and 8 indi- 
cate just how slight a difference occurs between the 
best case and the majority of the other cases. 


TABLE 2—DEGREE OF RESPONSE OF PEARLITIC MALLE- 
ABLE IRONS TO SURFACE HARDENING TREATMENT 








Treatment Increasing Case Depth 
9600-Cycle 
32 KW, 3 Sec 4 2 2B Sh SS UD 
32 KW, 4 Sec . 2m Ss A M, D 
32 KW, 5 Sec a @. 2 A .8 R,. € 
50 KW, 2 Sec A Be Bie oe 1S «ad 
75 KW, 1.5 Sec mea. & HA. 4 8 
75 KW, 2 Sec > & wen, Bee 
3000-Cycle 
38 KW, 9 Sec RO Rp SS 
38 KW, 12 Sec ee eee ae 
Flame Hardening 
%,-in. tip-piece, oil quench i. D.  e m. a & 
%4,-in. tip-piece, waterquench M, M, E D A H 
34-in. tip-piece. waterquench M, A E M, H D 
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Flame Hardening.—Results obtained by flame hard- 
ening confirm those obtained by induction hardening. 
No optimum microstructure can be specified. As 
shown in Table 2, Code H iron most nearly met the 
depth-hardness requirements, but Fig. 12 and 13 indi- 
cate the similarity in the response of all the iron 
investigated to flame hardening. This is apparent in 
Fig. 13, where the experimental error is sufficient to 
reverse the classification shown in Table 2. 

The importance of temperature control and proper 
quench is illustrated in the flame hardened samples. 
Temperature control is critical because of the rela- 
tively low melting temperature of malleable iron. If 
this is not considered, the cases may consist of white 
iron rather than martensite. With the wrong quench 
a non-homogeneous microstructure, such as shown in 
Fig. 10, may result. This is unsatisfactory, due to 
the nonuniform stresses and hardness obtained. 


Conclusions 


Considering induction hardening and flame harden- 
ing separately, the following tentative conclusions 
have been reached: 


Induction Hardening 


1. Irons having structures of mixed pearlite and 
spheroidized cementite, spheroidized cementite, a fer- 
ritic matrix containing areas of medium pearlite and 
some spheroidized cementite, and a spheroidized ce- 
mentite matrix containing chains of cementite at the 
grain boundaries may be hardened satisfactorily under 
properly selected conditions. 

2. Chemical composition had no noticeable effect 
on the response of the irons to hardening. 

3. Proper time and power were controlling factors 
in fixing case depth and hardness. When time and 
power were properly selected, satisfactory results were 
obtained with all irons tested. 

4. A case depth of 0.060 in. with a hardness of 50 
Rockwell C could be obtained with a 32 to 75 KW, 
9600-cycle unit, but not with a 28 to 38 KW, 3000- 
cycle unit. 

5. An increase in heating time power input pro- 
duced higher case hardness, deeper case, and a more 
homogeneous microstructure. 


Flame Hardening. 


1. A lamellar structure responds more readily than 
a spheroidized structure. 

2. A comparison on the basis of chemical composi- 
tion indicated that an increase in the manganese con- 
tent increased the depth of case in irons of similar 
lamellar microstructure. 

3. All irons were hardened satisfactorily under cer- 
tain selected conditions. Variations from these condi- 
tions produced variations among the irons. 

4. Temperature control is critical because of the 
necessity for adequate homogenization of the aus- 
tenite which requires a certain minimum temperature 
and the danger of fusion, which establishes a maxi- 
mum permissible temperature. 

5. An increase in heating time produces a more 
uniform and deeper hardened case. 


SURFACE HARDENING OF PEARLITIC MALLEABLE IRONS 


6. A still oil quench is unsatisfactory for the irons 
investigated. A water quench is necessary to obtain a 
hardness of 50 Rockwell C and a case depth of 0.060 
in. 


Future Work 


This, it must be emphasized, is a progress report 
At this time there are several investigations which arc 
only partially completed. Surface hardening tests in a 
high frequency Thermonic unit are incomplete. Fur- 
ther flame hardening tests will be made on other irons 
and under different hardening conditions. Similar 
tests are contemplated in the 9600-cycle high frequency 
unit. 

The effect of different fuels on the response to flame 
hardening will be investigated. Equipment is now 
available for flame hardening with either oxygen- 
acetylene or oxygen-natural gas. 

A comparison between oil and water quenches, 
when both are agitated to the same degree will be 
made. The influence of tempering on the properties 
of the hardened cases will be investigated. Properties 
other than hardness at a fixed depth, such as exfolia- 
tion, checking, cracking, distortion, resistance to wear, 
and spalling, will be investigated. 
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DISCUSSION 


Chairman: H. L. Day, Auto Specialties Mfg. Co., St. Joseph, 
Mich. 

Co-Chairman: J. A. Durr, Albion Maileable Iron Co., Albion, 
Mich. 

D. P. Forses:* Has a comparison been made as a sort of con- 
trol using a non-pearlitic, a completely ferritic malleable iron 
for these same tests? 

Mr. Busu: No, they were all "pearlitic malleable irons. 

F. F. VAuGHN:* In the curves (Fig. 4, 5, 7 and 8) showing 
hardness penetration for various current frequencies using the 
induction method, it was noticed that in no case was a depth 
of 0.060 in. penetration obtained when 3000-cycle frequency was 
used. It seems to me that either the power or the time was 
insufficient for that frequency or there may have been a much 
larger volume of metal being heated. Therefore, I would like to 
know if the same size inductor coil was used for the 3000 cycles 
as was the case with 9600 cycles. 


1 President, Gunite Foundries Corp., Reckford, Ill. 
2 Asst. Chief Metallurgist, Caterpillar Tractor Co., Peoria, Ill. 
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peratures. These temperatures apparently are not true tempera- 
tures and I think it should be emphasized accordingly because 
1600 F certainly is not sufficiently high to cause melting near the 
surface. 

In the curves for flame hardening (Fig. 11, 12 and 13), hard- 
ness at approximately 0.030 in. below the surface was several 
points higher than nearer the surface and I wonder if this was 
due to the use of an oxidizing flame which may have decar- 
burized the surface regions or whether it could have been due 
to the fact that the surfaces were severely overheated. Either 
could have contributed to this lower hardness in our experience. 

Mr. BusH: With 3000 cycles the values shown are for heat- 
ing cycles of 12 and 9 sec. Both cycles show hardnesses lower 
than 50 Rockwell C at 0.060 in., but the total cases were quite 
thick., Actually, heating times up to 30 sec were used. With 
these longer cycles the bars were heated through and hardnesses 
of 50 to 58 Rockwell C occurred from surface to center. When 
hardnesses of 50 Rockwell C at 0.060 in. were obtained, this same 
hardness of 50 Rockwell C would often occur’at depths of 14 in. 
Obviously, such cases are far too thick and curves were not 
shown for this reason. 

Concerning the coils, a single turn coil with a spray quench 
was used for 9600 cycles. For 3000 cycles a 6-turn copper coil and 
a direct quench were used. The fact that the observed 1600 F 
is not the true temperature is stressed in the report. 

Mr. Vaughn is correct in assuming some decarburization, at 
the surface due to an oxidizing flame. The samples did indicate 
some decarburization. The flame hardening unit used, the 
Flamatic, normally uses a slightly oxidizing flame for steel. We 
used the same type for the pearlitic malleable iron. 

Mr. VAUGHN: It would appear then that insufficient power 
and too long a heating time were used for surface hardening 
with 3000-cycle frequency curves. In other words, a sharp 
breaking curve would have been observed if more power were 
available and a shorter heating cycle used. 
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Mr. Busu: It is quite possible that a sharp breaking curve 
and hardness of 50 Rockwell C at 0.060 in. could be obtained 
with higher power. We were using an Ajax motor-generator 
unit, and the maximum power obtainable was 39-40 Kw. 

G. VENNERHOLM:® The three curves that showed an increase 
in hardness below the surface may be representative of a con- 
dition where austenite is present in the surface layer. A low 
temperature draw, if such is the case, will increase this hardness 
as the austenite then is transformed to martensite. 

Mr. BusH: We tried deep-freezing a few of the samples to 
determine whether they were austenitized. No change was no- 
ticeable, however. We have not used a draw, as yet. 

J. E. Renper:* Is it possible to give more data on the chemi- 
cal composition of bar D which was noticeable in its superiority 
to some of the other bars? 

Mr. BusH: I have no additional data on the chemical com- 
position of the D iron. 

CHAIRMAN Day: There is a greater ability to harden to a 
given hardness obtained from structures that are pearlitic than 
those structures that are completely spheroidized. In some types 
of ferrous metals, it is almost impossible to obtain a suitable 
hardness if the material is so thoroughly spheroidized that it is 
termed overannealed. 

Mr. BusH: We did obtain satisfactory case hardnesses with a 
thoroughly speroidized iron. Some work has been done with a 
400,000-cycle unit and the results will be published later. Sur- 
prisingly enough the most satisfactory structure with such a 
unit is one that is densely spheroidized. The castings were excel- 
lent and all hardened cases proved to meet the specifications 
better than did those with an iron having a lamellar structure. 
This iron has been tested only at a high frequency, so nothing 
can be said concerning cases obtained by flame hardening or low 
frequency induction hardening. 


8 Metallurgist, Ford Motor Co., Dearborn, Mich. 
* Metallurgical Engineer, Canadian Bureau of Mines, Ottawa, Canada. 








MAGNESIUM CASTINGS DESIGNED 
FOR AIRCRAFT ENGINES 


By 


M. H. Young* and A. G. Slachta* 


AIRCRAFT ENGINE DESIGNERS are continually striv- 
ing to reduce the weight-horsepower ratio without 
adversely affecting the life or safety factor of the en- 
gine. Advances in magnesium metallurgy and foundry 
practice have permitted the aircraft engine designer 
to utilize magnesium alloys in applications of greater 
stress than previously possible, with subsequent saving 
in weight. 

Aircraft engines of the reciprocating type have long 
since established the practicability of magnesium cast- 
ings in such major parts as crankcase tront sections, 
supercharger housings, and rear sections. These parts 
are highly intricate in design and well adapted to cast- 
ing fabrication where function does not permit simpli 
fication. Other minor parts such as oil sumps, pump 
housings, and a variety of covers are made of mag- 
nesium on a straight weight-saving basis. Alloys Mg- 
9A1-2Zn (AMS 4434) and Mg-6A1-3Zn (AMS 4424) 
in the solution heat treated and aged condition are 
commonly used for these castings. 

The advent of the gas turbine engine for aircraft 
does not preclude the use of magnesium. Like a re- 
ciprocating engine, the propeller turbine requires a 
nose section for housing the reduction gear, support- 
ing the propeller shaft and transmitting the thrust. 
On engines of higher power than the conventional 
piston type, this section becomes quite large and the 
weight advantage of magnesium material is apparent. 
Figure ! is an example of such a casting weighing 250 
lb in the as-cast condition. The size and intricacy of 
such castings require close control and care in foundry 
practice to produce the quality necessary for aircraft. 


Initial Design 


Development of a design for a casting which must 
withstand for long periods the high alternating stresses 
produced by the aircraft engine requires close co- 
ordination between designer, metallurgist, and found- 
ryman. Shape, size, and weight of the casting are 
defined by its function as determined from certain 
requirements of horsepower and weight for the entire 
engine through a series of calculations and analyses. 
The shape of the crankcase front section shown in 
Fig. 2 is defined by the section to which it is bolted, 
the reduction gear system it must enclose and due 
consideration of all dynamic loads acting upon the 
part. In general, these loads are produced by the 
following three principal operations: 

(1) Take-off at rated power and speed—The loads 
considered here are those generated by combustion in 
the cylinder assembly and transmitted through the 
power section to the reduction system, which in turn 
transmits the load through the propeller shaft to the 
propeller. 


* Wright Aeronautical Corp., Wood Ridge, N. J. 
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(2) 12g Pull-out—Loads acting on the engine when 
the plane is pulled out of a dive. 

(3) Radians per second spin—Loads acting on the 
engine when the plane is in a spin. 

After maximum loads at the various critical loca- 
tions are established and the material selected; the 
permissible stress level is determined by adjusting the 
section thickness and/or by addition of supporting 
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Fig. 1—This large experimental magnesium casting, 
weighing 250 lb as-cast, requires close foundry control. 


Fig. 2—Typical aircraft engine crankcase front section. 
Note rounded recessed corners and generous radius at 
base of the governor drive pad. Compare with Fig. 7. 
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TORSIONAL SHEAR 
STRESS 820L8S./SQ. iN. 


PRINCIPAL 
APPLIED 
LOADS 
MAJOR 
me RESULTANT 
STRESSES 


THRUST SHEAR 
STRESS 480 LBS. 





COU: 
120,500 IN. LB. 


Fig 3—Forces on typical crankcase front section. 











members. The stress level selected for an initial de- 
sign is primarily governed by experience gained from 
the successful operation of other castings of a type as 
similar as possible to the new design. In some mag- 
nesium castings, depending upon casting quality, a 
steady stress near the yield point is permissible. 

The principal applied loads and major resultant 
stresses acting on a typical crankcase front section are 
shown in Fig. 3. Here, the stress level is controlled 
by section thickness such that the combined unit stress 
is 1900 psi. This is well below the yield and fatigue 
strength of the material selected. 


Keep Stresses Within Safe Limits 

Equally important with the steady stresses produced 
by engine operation are the tensile pre-stresses result- 
ing from mechanically attaching components. Since 
these two stresses may be additive, precautions must 
be taken to keep the combined level within safe limits. 
Unless stress raisers are minimized in design and unless 
the casting can be produced to a consistent aircraft 
quality level, the design is doomed to failure. Coordi- 
nation between the design engineer, metallurgist, and 
the foundryman at the initial design stage is imperative. 





Fig. 4—Experimental engine in operation on test stand. 
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An engine designer must guard against such stress 
raisers as: 
(1) Sharp edges, corners, and fillets 
(2) Abrupt section changes 
(3) Thin walls and improper tolerances 
The foundryman must guard against: 
(1) Core shifts 
(2) Excessive flash or surface roughness in areas 
difficult to inspect or clean 
(3) Hidden core wires 
(4) Microshrinkage and porosity 
(5) Cold shuts 
(6) Improper heat treatment 


Proving Initial Design 


Upon completion of the initial design stage, castings 
are founded to try out castability. Investigations by 
x-ray and fracture show up possible microshrinkage, 
porosity, or cold-shut areas. Improvements, as indi- 
cated, are instigated in founding practice until an 
acceptable casting is provided for proving the initial 
design. Proof testing is accomplished by: 

(1) Static Test 

Stress paint 
Electric strain gages 
(2) Dynamic Test 
Experimental engine operation 
150 hr model test 

Static testing generally confirms or refutes theoreti- 
cal static stress calculations. The advantage of this 
type of testing is that it is non-destructive and can be 
applied to full-scale engine parts independently of 
an assembled engine. It also permits discovery of ob- 
vious under- or overdesigning before the part is sub- 
jected to engine testing. Lightening of the part in 
low-stress areas can be effected at this time. 

The two test methods, brittle lacquer and electric 
strain gage, are at times used in conjunction with each 
other; the brittle lacquer to indicate maximum stress 
areas and the electrical strain gages to evaluate the 
actual stresses at selected areas as indicated by the 
lacquer tests. Static testing is useful to bridge the gap 
between theoretical results based on simple statically 
loaded structures and actual static stress distribution 
in complex engine structures, but it will not locate 
nor indicate the maximum alternating stresses that 
are the cause of most engine failures in service. 


Fig. 5—Electric strain gages mounted on crankcase 
front end section of aircraft casting for stress testing. 
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Fig. 6—Photographic record of gage signals and alter 
nating stresses at 12 locations on a magnesium air- 
craft crankcase front section casting undergoing test. 


Fig. 7—Crankcase front section showing sharp protrud- 
ing corners and fillet at base of governor drive pad. 














Fig. 8—Blacklight photograph showing exterior view 
of crack in the crankcase front section casting shown in 
Fig. 7. White arrows indicate the extent of crack. 


Fig. 9—Fractured surfaces of crack in crankcase front 
section. Extent of crack is indicated by large white 
arrows, and fatigue nuclei by the small white arrows. 





Failure of a material from repeated loading is not 
accompanied by appreciable yielding. It is usually a 
gradual or progressive fracture which starts at some 
point in the material where the stress is much greater 
than the calculated stress. At this highly localized stress 
region a small crack may start and gradually spread, as 
the stress is repeated, until the whole member ruptures. 
The apparent loss of strength of a material due to re- 
peated stress is called fatigue, and it occurs even when 
the calculated unit-stress is less than the proportional 
limit of the material. 

Laboratory fatigue testing will indicate the superior- 
ity of one material over another, but actual full-scale 
dynamic testing is necessary to locate the area most 
susceptible to fatigue. If x-ray or fracture shows micro- 
shrinkage in this area the casting is subject to rejection. 
Such an area remains a critical one during subsequent 
quality checks and corrective foundry measures must 
be taken to eliminate or reduce the microshrinkage. 

Dynamic or full-scale engine testing is the*next logi- 
cal step in the evolution of a new design. Here, the 
part is subjected to a most rigorous fatigue machine, 
the engine itself. This testing is usually performed on 
experimental engines which may incorporate one or 
more new design parts. Figure 4 shows an experimental 
aircraft engine in operation with a flight propeller. 
Electrical strain gages applied to engine components 
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during experimental operation permits fairly good de- 
termination of alternating stresses in critical areas and 
the conditions which give rise to these stresses. This in- 
formation allows redesign to be approached from one 
or more directions. The part may either be redesigned 
to lower the stress level in the critical area, or engine 
operating condition may be altered to correct the stress 
concentrations. 

The value of electric strain gage testing can best be 
illustrated by its use in evaluating a newly designed 
torquemeter crankcase front section under actual en- 
gine operating conditions. Since difficulty was experi- 
enced with the previous design, it was desired to de- 
termine the vibratory stresses, resonance peaks, modes 
of vibration and sources of vibration excitation in the 
new part under varying engine speeds and torque 
conditions. 

Twelve electric strain gages were placed at various 
locations on the part. These locations were previously 
determined as the points of maximum stress by stress 
paint tests. Figure 5 shows how electric strain gages are 
located on a crankcase front section. Figure 6 shows 
the photographic record of the gage signals and alter- 
nating stresses at each of the 12 locations. The results 
of this test showed that the crankcase front section 
stresses were predominantly caused by a resonant con- 
dition in which the propeller shaft “whirled” around 
its center of rotation at twice engine speed in the direc- 
tion of engine rotation. 

The exciting force for this mode of vibration was 
found to be an engine second order unbalance. The 
resonance peak occurred at 1650 rpm and the maxi- 
mum vibratory stress was 3600 psi. The presence of a 
resonant condition and high alternating stresses showed 
the need for second order balancer which would elim- 
inate this excitation and greatly reduce the crankcase 
front section stresses. In this case the elimination of 
the exciting force giving rise to the resonant condition, 


Fig. 10—Propeller end view of casting on crankcase 
front section. Riser feeding rear hub is in center. 
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rather than increasing the weight of the part, was the 
logical solution to the problem. 

Proof testing of parts incorporating major design 
changes is not complete until the parts are subjected to 
a model test of 150 hr. This test, designed to stimulate 
actual operation, determines the endurance of a design 
under imposed stresses for long periods of time. Parts 
are not released to production until a successful model 
test has been completed. 


Correcting Design 


After an engine is in production design changes are 
often necessary to improve operation and life or to 
correct some fault that was not at first obvious. Found- 
ing practice is usually established before a part goes 
into production, but occasional design changes are in- 
augurated at a later time to facilitate founding tech- 
nique or to improve quality. The following illustra- 
tions are cited as examples of design correction: 

During development testing of the Model 14 engine, 
failures of the crankcase front sections were reported 
after 219 and 395 hr of testing time. Analysis of the 
failed parts revealed that they failed in fatigue from 
nuclei located in the sharp corners at the base of the 





Fig. 11—Anti-propeller end view of same casting (Fig. 
10) showing the rear hub and solid base of the riser. 


governor drive pad (Figs. 7, 8, and 9). The similarity 
of the failures and the satisfactory quality of the cast- 
ing material definitely indicated a need for a design 
change. Crankcase front sections, with rounded re- 
cessed corners and liberal radii in the highly stressed 
areas of the governor drive and oil sump pads (Fig 2) 
were fabricated and engine tested. This design change 
eliminated subsequent failures. 

Serious oil leakage caused by microshrinkage in oil 
passages in the rear wall of a Model 18 crankcase front 
section casting was encountered on a 1000 psi hydraulic 
test. To eliminate this condition it was necessary to 
change the casting method. One of the salient features 
of the improved method was the introduction of a solid 
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central riser shown in Figs. 10 and 11, as compared 
to the previous four-segment riser shown in Fig. 12. It 
can be readily seen that the effective feeding area of 
the risers into the critical hub was increased approxi- 
mately threefold. 

Use of a solid riser was made possible by relocating 
the support of the large core, which formed the cast- 
ing cavity, to the three oil drainage holes in the web 
wall. Past practice was to support the core by means 
of the core portions located between the riser segments 


Fig. 12—Anti-propeller end view of casting showing 

the four-segment riser used prior to design change. 

The internal core was supported by a four-pronged 
core print located between the riser segments. 





and employ the parts of the core which formed the oil 
holes merely as stabilizers. To provide adequate sup- 
port it was necessary to enlarge the oil drainage holes. 
At the time the foundry design change was requested a 
lightening program was in process, with the result that 
additional holes were made in the web wall. The five 
large holes (Fig. 13) are now being used as core print 
holes to support the large internal core. 


Metallurgical and Quality Control 


Aircraft standards dictate that castings conform to 
specifications for composition, mechanical properties 
and established internal soundness requirements. As 
previously mentioned, magnesium castings of the size 
and shape described here are susceptible to micro- 
shrinkage, and castings completely free of this defect 
are difficult, if not impossible, to found. The degree of 
microshrinkage that can be tolerated in a casting is 
dependent on the application. The permissible micro- 
shrinkage may vary within an individual casting with 
the stress distribution encountered during engine 
operation. ~ 

High stress areas must be practically free from micro- 
shrinkage. Each foundry operation must be closely 
controlled to insure a high quality, uniform product. 
All castings should be subjected to 100 per cent x-ray 
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Fig. 13—Present casting design with additional holes in 
web wall. The large holes are now being used as core 
print holes to support the large internal core. 


examination until such time as it is evident that the 
foundry method is producing the desired quality, after 
which the x-ray examination may be reduced to a 
percentage check. , 

Successful performance of magnesium castings in 
aircraft engines depends upon proper design and good 
foundry practice. Past success is evident from the many 
hours of accumulated service time on a variety of en- 
gines. Continued good design and foundry practice 
should assure a vital role for magnesium castings in 
the large gas turbine aircraft engines now being devel- 
oped. The size and intricacy of such castings will offer 
a real challenge to foundrymen to produce the quality 
on which the designer has become dependent. 


DISCUSSION 


Chairman: W. T. BEAN, Jr., Consultant, Detroit. 

Co-Chairman: C. E. Netson, Dow Chemical Co., Midland, 
Mich. 

CHAIRMAN BEAN: Since I am an engine man, myself, I will 
start the discussion by asking Mr. Slachta if the stresses indicated 
in this paper are true stresses or apparent stresses? That is, did 
the author determine the actual state of stress by the use of 
multiple gages or is the stress that which is apparent from a 
single gage? ; 

Mr. StacuTa: It is the apparent stress. 

CHAIRMAN BEAN: This is mentioned because I find it is com- 
mon practice to do so. The endurance strength of a component 
when established by a single gage is in error if a complex state 
of stress exists at the gage location. The error may be as great 
as 10 per cent. For years I have been trying to get a correlation 
between the physical properties of engine castings and those of 
test bars. I have been forced to consider everything that helps 
to bridge the gap between them. Thus, when you can raise the 
stress level of a casting as much as 10 per cent by determining 
the true stress, by all means do so. Until a satisfactory correla- 
tion is obtained, we should stop publishing test bar values in 
design handbooks. More research should be conducted in the 
field -of light metal processing in order to produce test bar 
quality, or better, in the finished products. 

S. B. AsHKINAzy:* What type of flux is used in actual practice 
in the melting of magnesium? If fluxing is done, do you have 
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any difficulty with chloride inclusions? Do you use any beryllium 
in your magnesium? Have you encountered any corrosion diffi- 
culties from the field in regard to dissimilar metals that you 
may have in contact with your magnesium castings? 

Mr. StacnTaA: Standard Dow 230 and 310 fluxes are used. 
Flux inclusions are encountered but with good foundry practice 
they are held to a minimum. Beryllium is not used in our 
magnesium castings. Superheating is done at approximately 1650 
F. Galvanic corrosion resulting from metal contact has not oc- 
curred during service operation. We have in the past encoun- 
tered other minor corrosion problems which were readily 
corrected. 

E. J. Bascu:* The author is to be complimented for present- 
ing such a worthwhile paper. It is interesting that apparently 
engine companies are now recognizing the fact that it is possible 
to have a few flaws in the casting in unimportant sections and 
still have a casting that is completely satisfactory for service 
condition. During World War II that was not always recognized 
and it was costly to the whole nation. 

Mr. SLAcHTA: The more experience that is gained with mag- 
nesium the better everyone is able to handle specific problems. 
Early recognition was given to the fact that different stress levels 
could be tolerated for different quality levels. 

J. C. DeEHaAveN:* Has any consideration been given to the 
lower or zero zinc magnesium alloys? The author mentioned the 
AZ-63 and the AZ-92 alloys. The lower zinc alloys are sometimes 
easier to handle and heat treat in the foundry. Otherwise they 
seem to be about as good as higher zinc alloys and I was won- 
dering if even experimentally the author had done anything 
with these alloys? 

Mr. SLACHTA: We have not done too much work on alloy 
development. We have gone along with the Dow Metal H and 
Dow Metal C, which seems to be doing a pretty good job. Our 
foundry practices are developed to such an extent that our 
foundry scrap is relatively low. However, we are always open 
to new alloys which may cut costs or increase performance. 


1 Materials and Product Standards Sup., Sperry Gyroscope Co., Great Neck, 
a. S. 
2 Asst. to Vice President, Doehler-Jarvis Corp., New York. 
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Co-CHAIRMAN NELson: The history of the low-zinc type cast- 
ing alloys is well known since they have been used extensively 
in Germany, England, and in this country prior to about 1937. 
At the present time, there is quite a move to give consideration 
and use to AZ-91 type alloy (nominally, Mg — 9 Al, 0.2 Mn, 0.7 
Zn) which contains low zinc for the reasons that Mr. DeHaven 
has given. There is definitely less tendency to porosity. 

I think the question of easiest heat-treatability of the low 
zinc alloys is debatable. We do not feel that there is any prob- 
lem in heat treating any of these alloys. The low zinc alloys 
certainly have properties equivalent to the AZ-62, but are not as 
good in hardness or yield strength as the AZ-92 alloys. Time and 
experience will have to decide what applications these alloys 
will serve. 

CHAIRMAN BEAN: Are your castings used in the solution heat 
treated and aged condition? 

Mr. StacuTa: All castings were used in the solution heat 
treated and aged condition. 

CHAIRMAN BEAN: Some test results that I have seen indicate 
that the endurance limit of magnesium is a little higher in the 
solution-treated condition. Since in the design of engine castings 
we are primarily concerned with endurance strength why are 
the castings used in the aged condition? 

Mr. SLAcHTA: The reason we use magnesium in the solution 
treated and aged condition is to achieve maximum stability and 
reduction, as far as practicable, of strains in castings. An increase 
in hardness is also obtained. Engine temperature for some parts 
can be as high as 250 F. Our aging temperature is 350 F. 

Co-CHAIRMAN NELSON: There is one thing in particular in 
this paper that bears out the purpose of the Committee which is 
sponsored this meeting and that is the fact that it shows what 
can be accomplished by cooperation between the foundryman 
and the design engineer. Illustrations are shown in the paper 
where the oil drain holes were progressively opened up; this 
worked out to the convenience of the foundryman and ended 
up with a part that was equally serviceable and perhaps more 
serviceable. This is the kind of result obtainable if these people 
get together. 


% Research Engineer, Battelle Memorial Institute, Columbus, Ohio 








REPORT OF THE ACTIVITIES OF THE 
A.F.S. CUPOLA RESEARCH COMMITTEE 


By 


R. G. McElwee,* Chairman 


Durinc the 1948 A.F.S. Convention your chair- 
man of the Cupola Research Committee stated that 
the material situation “has influenced the A.F.S. Cu- 
pola Research Committee to concentrate their research 
efforts toward establishment of such practices as will 
give the foundryman maximum results with presently 
available materials. . . . While a study of fuels has 
been announced as a major study of the group, it is 
obvious that any contributing factor to better and 
more efficient operation must be included in the in- 
vestigation.” 


Slag Studies 


Of the factors thus studied, slag control appears to 
be of major importance. Preliminary studies indicate 
that slag viscosity is a factor in carbon pick-up and 
that it has some relationship to the amount of com- 
bined carbon in the iron as well as to the final struc- 
ture of it. It was also found in these studies that the 
fusion point of the slag could be predicted with rea- 
sonable accuracy by plotting the slag composition, 
after the slag components had been equated on a 
chemical equivalent basis, on the Composition-Tem- 
perature Phase Equilibrium Diagram of the Oxides 
CaO-Al,03-SiOz. 

A study of slag color indicates that the color has a 
definite relationship to the manner in which the 
cupola is being operated. A darkening of the slag 
can indicate oxidation and/or the beginning of bridg- 
ing while a bubbling white surface on the slag may 
indicate an excess of limestone on the after charges. 
Hence, the cupola operator in the same manner as the 
steel maker has to become familiar with slag appear- 
ance and color and knows its effect on the molten 
iron. To this end the pancake test has been employed 
in some foundries. In this test the appearance and 
color of the surface and fracture are noted and corre- 
lated with the operating conditions. 

The above are qualitative tests in which no meas- 
urements are made with instruments. Thus, they are 
indicators based on opinions that vary considerably 
even when several people are talking about the same 
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item. Scientific progress is made with the develop- 
ment of instruments, regardless how crude they may 
be, that permit quantitative measurements. Hence, 
tests and instruments should be developed with this 
view point in mind. It is the only firm basis upon 
which operators can base changes in their cupola oper- 
ation thereby attaining some measure of control. 

A review of the literature shows that slag viscosity 
has been measured on a relative basis to obtain slag 
control. Because it is believed that this is a step in 
the right direction, a modified Herty viscosimeter was 
made and is in the process of being tested. The meas- 
urements are being made under laboratory conditions 
studying the relationship between the pancake slag 
test, the metal composition, the slag composition and 
the relative slag viscosity. Following this procedure a 
similar check will be made under production condi- 
tions in the foundry. It is believed that a study of this 
type will determine the applicability of this instru- 
ment, and if it does not prove satisfactory our knowl- 
edge of the above relationships will be considerably 
advanced. 

Some foundries have proposed to run spectrographic 
analyses of slags for control purposes in the same man- 
ner as iron analyses are now run. If such procedure is 
set up the viscosimeter would be comparable to the 
chill test. The ultimate view point is to determine the 
relationship that exists between iron and slag in the 
cupola and to determine a means of controlling it. 


Coke Quality Studies 

The Ford Motor Company supplied the A.F.S. Cu- 
pola Research Committee with two 30-ton lots of coke 
for experimental purposes. Two coking times and two 
blends were used. The production tests were made at 
the Eaton Manufacturing Company, Foundry Divi- 
sion, Vassar, Michigan. Laboratory tests were con- 
ducted at the Battelle Memorial Institute through the 
cooperation of the Gray Iron Research Institute. The 
cokes were also tested at the United States Bureau of 
Mines and at the Canadian Bureau of Mines. 

The results of these tests are contained in five re- 
ports, namely: 

1. Report of the United States Bureau of Mines, 
Coal Carbonization Section. This report contains the 
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results of the chemical analyses and physical tests 
made on the coke. 

2. Report No. 155—“Cupola Tests on ‘Two Special 
Oven Cokes Prepared by the Ford Motor Company” 
submitted by the Battelle Memorial Institute through 
the cooperation of the Gray Iron Research Institute. 
The procedure and test results of the heats made in 
the 10-in. cupola are compiled in this report. It also 
contains a comparison of the experimental cokes with 
a pre-war coke. 

3. Report No. 1—“Coke Quality Studies,” Cupola 
Research Committee. The production test results are 
found in this report. 

t. Report No. 2—“Coke Quality Studies,’’ Cupola 
Research Committee. In this report the production 
results are compared with those obtained in the 10-in. 
cupola. 

5. Report of the Canadian Bureau of Mines. The 
bureau has worked out the details of the electrical 
conductivity test for coke. They have designed a com- 
pression die, built an inexpensive measuring assembly 
for this test and established the technique of sample 
preparation. Several measurements of specific resistiv- 
ity were made on samples that were devolatilized. 
These measurements indicate that a correction for ash 
has to be worked out. An attempt will now be made 
to correlate this test with coke behavior in the cupola. 
It is believed that this test properly conducted may 
give figures that will permit an operator to alter his 
operating procedure according to coke behavior. 

It will be noted that the above work is but a good 
start on this important problem. It may also be said 
that it requires a lot more investigation. 


Air Pollution Problem as it Pertains to the Cupola 


Within the last two years municipalities have en- 
acted ordinances which define the amount of material 
that may be emitted into the atmosphere by furnaces, 
etc. These ordinances take into consideration cupolas. 
No strict enforcement of these ordinances has been 
made to date since too little is known about the dis- 
charged materials and the means for removing them. 
The committee is therefore making a survey of the 
ordinances in existence, the quantity and size of the 
particles emitted and finally, a survey of the equip- 
ment that is being marketed for the removal of this 
material. It is hoped that through this study the foun- 
dryman will be able to solve his cupola stack discharge 
problems. 


Cupola Tests 


As a criterion of cupola operation the chill test has 
been adepted by the cupola operator. This test is 
supposed to indicate changes in performance inasmuch 
as chill depth is related to the chemistry of the iron 
if the cupola is not operated on a border-line iron to 
coke ratio. Such a correlation has been made for a 
wedge type chill test bar and the agreement is remark- 
ably good. If, on the other hand, the cupola is run on 
a border-line iron to coke ratio, chill tests show poor 
correlation with the chemistry of the iron. The fac- 
tors contributing to this behavior have not been dis- 
covered. Presumably they are oxides of iron and sili- 
con, but as yet this has not been confirmed. Much 
work has to be done to develop and standardize a test 
that will indicate the cupola behavior. 


Articles Published in “American Foundryman”’ 


To date five articles have been published under the 
auspices of the committee. They are: 
1. “Cupola Operation With Heated Blast,” by S. 
W. Healy, vol. 13, Mar., 1948, p. 44. . 
2. “Coke Boosters, A Fallacy in Cupola Opera- 
tion,” vol. 13, Apr., 1948, p. 137. 
3. “Slag Control is Important in Cupola Opera- 
tion,” vol. 13, May, 1948, p. 109. 
4. “Maintaining Carbon-Silicon Ranges in Cupola 
Melting,” vol. 14, Oct., 1948, p. 58. 
5. “Enriched Cupola Blast with Oxygen Addi- 
tions,” vol. 14, Dec., 1948, p. 57. 
Articles that have been prepared and are awaiting 
publication are: 
1. “Foundry Record Forms.” 
2. “Cast Iron Sampling for Total Carbon Deter- 
minations.”’ 
3. “A Reasonable Chemical Approach to the Foun- 
dry.” 
4. “Metallographic and Physical Testing Labora- 
tories.” 
Articles that are being prepared now are: 
l. *'The Use of the Receiving Ladle or Forehearth 
as a Metallurgical Tool.” 
2. Articles on Cupola Stack Pollution. 
a. Ordinances Pertaining to Pollution. 
b. Nature of the Materials Discharged from 
the Cupola. 
c. Equipment for the Removal and Suppres- 
sion of Materials Discharged from the 


Cupola. 








A STUDY OF THE WORKABLE GREEN 
STRENGTH OF CORE MIXTURES 


Report of A.F.S. Subcommittee 
on Core Strength 


H. W. Dietert,* Chairman 


FOUNDRYMEN AND CORE MAKERS have been aware 
of the fact that a certain core mixture was satisfac- 
tory to make standing cores but not necessarily satis- 
factory to make cores by the roll-out method or to 
carry an over-hang section. This investigation was 
undertaken to have test methods available which could 
be used to measure the ability of a core mixture in the 
green state to, first, make a standing core, second, 
carry an over-hang section, third, resist cracking on 
rolling-out or on handling and fourth, to resist sag- 
ging on handling. 


Method of Test 


The method of approach used in this study was to 
use four distinct core mixtures as shown in Table 1. 
Core mixture No. | is a straight sand-oil mixture 
while mix No. 2 is a sand-oil-cereal mixture. Core 
mixture No. 3 is a sharp sand-bank sand-cereal-oil 


* President, Harry W. Dietert Co., Detroit 


mixture. Core mixture No. 4 contains sharp sand- 
bank sand-bentonite-oil. These core mixtures cover 
the more general types of oil-bonded cores used in the 
foundry. 

These core mixtures were evaluated by determining 
by actual core making how high a standing core could 
be made and how much the core could drop in rolling- 
out without failure. 

The maximum height of core that each core mix- 
ture would make was determined with core equipment 
as shown in Fig. 1. A tall, split, 3-in. diam core box 
with removable section for height selection was used 
to form the standing cores. A sand rammer using the 
force of a 14-lb weight dropping 2 in. was used to 
secure a uniform energy of ramming. Each 3-in. sec- 
tion of the core was rammed with seven drops of the 
weight. The maximum height that each core mixture 
supported itself is revealed in line 22 of Table 1. The 
maximum theoretical height was also calculated by 
formula: 


TABLE 1—GREEN Core Test DATA 





1 
A.F.S. Std. Sand 50—Fineness Gr 1980 
Michigan City Sand 56—Fineness 3r ele 
Bank Sand Gr peas 
Cereal Gr 1 
Bentonite Gr ae. 
Raw Linseed. Oil Gr 20 
Distilled Water MI 25 
Density Lb/cu ft 98 
Green Compression—Saeger Psi 0.21 
Green Compression—Precision Psi 0.22 
Doty Bar Test Grams 55.0 
Green Deformation In./In. 0.006 


Green Tensile Psi Too weak to test 

Green Shear Psi Too weak to test 

No. impacts to cause drop No. l 

No. impacts to obtain 0.040 Sag Av. ie 2.5 

No. impacts to crack vertical core aes. 4 

Sagging after 4 impacts In./In. 0.151 

6 x 3-in. diam core roll out Breaks 
Inches drop to plate In. 0 inches 

No. impacts to crack horizontal core No. 2 

Theoretical standing height In. 4.64 

Actmal core standing height In. 6 in. stood 


7 in. collapsed 


Core Mixture 








Line 
2 3 4 No. 
1965 — alates 1 
side 1307 1307 2 
— 653 653 3 
20 20 4 
— 20 5 
15 20 60 6 
40 50 50 7 
98.5 100.0 101.2 8 
0.48 0.78 1.55 9 
0.49 0.77 1.58 10 
87.3 99.8 112.0 11 
0.013 0.015 0.007 12 
0.110 0.141 0.202 13 
0.25 0.27 0.34 14 
6 7 9 15 
12 37 35 16 
30 80 45 17 
0.018 0.012 0.006 18 
0.75 1.125 0.43 19 
56 180 20 20 
10.1 14.5 25.7 21 
8 in. stood 1314 in. stood 22 in. stood 22 


9 in. collapsed 144 in. collapsed 2314 in. collapsed 
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Fig. 1—Core equipment for ramming 3-in. diam 
standing core. 


Fig. 2—Determining roll-out ability of core by increas- 
ing distance core dropped on core plate. 


Fig. 3—Doty bar cohesiveness test. 


Fig. 4—Meyers green tensile strength test. 


Green Compression « 1728 


Height = Density + 


9 
see line 21 in Table 1. 

A 3-in. diam split core box, 6 in. in length, was 
used to form the cylindrical cores used to determine 
to what maximum distance the core could fall to a 
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core plate upon rolling-out of the core box without 
cracking. The set-up employed for this test is illus- 
trated in Fig. 2. The data is tabulated in line 19 of 
Table 1. 

Each core mixture was also tested in the laboratory 
by a number of different tests. The test data is tabu- 
lated in Table 1. 

The green strength of the core mixtures was meas- 
ured by green compression with Saeger compression 
instrument, a special laboratory precision compression 
strength machine, Doty bar test, shear test, green ten- 
sile strength by Meyers and tensile accessory on Dietert 
machine. 

The Doty bar test is illustrated in Fig. 3 and in Fig. 
4 the Meyers tensile test is illustrated. No illustra- 
tions are shown of the other tests since they are well 
known. 

A new test on core mixture is the stress-strain dia- 
gram as shown in Fig. 5. From these diagrams the 
total green deformation in inches per inch of speci- 
men length were obtained and recorded in line 12 of 
Table 1. 

Since a core, after it is placed on the core plate or 
in the dryer and prior to baking, received innumer- 
able jolts which tax the strength of the green bond of 
a core mixture, an impact tester as shown in Fig. 6 was 
used to measure the rate of sagging of the core. The 
crank of the unit is turned which raises the table up 
0.080 in. each revolution and allows it to fall that 
distance on the anvil that the base forms. The A.F.S. 
core specimen which is 2 in. in height and 2 in. in 
diameter was used in this test. In this study it was 
rammed with the A.F.S. sand rammer. It could also 
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Fig. 5—Stress-strain diagram of core mixtures 
1,2, 3 and 4. 


GREEN STRENGTH OF CorE MIXTURE: 





Fig. 6—Impact tester measuring sagging of a core. 


be blown. The test data collected from this test is 
tabulated in lines 16, 17 and 18 in Table 1. 

This same tester was employed to determine the 
number of impacts that were required for a cylindrical 
core to spread out and crack. The test set-up is illus- 
trated in Fig. 7. The test data is tabulated in line 20, 
Table 1. 

The ability of a core to carry an over-hang was 
measured with the impact tester, Fig. 8, where the 
number of impacts was recorded that was required to 
cause over-hang to drop. 

The 2 x 2-in. test core specimen with over-hang 
section extending %4,-in. beyond end of core is illus- 
trated in Fig. 9, together with the stripping post, split 
specimen tube, cup pedestal and ring pattern forming 
the over-hang section. The data obtained from this 
test is tabulated in line 15, Table 1. 


Correlation of Data 


The green compressive strength test proved the bet- 
ter of all strength tests for evaluating the maximum 
standing height to which each core mixture could be 
used. For all practical purposes, doubling the com- 
pressive strength allows one to make core twice in 
height. This is illustrated by a graph in Fig. 10. Un- 
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Fig. 7—Impact tester equipped with curved holder to 
support test core in horizontal position to test ability 
to resist cracking. 


doubtedly, this relationship could be disturbed by a 
large change in density of sands. 

The green tensile, a difficult test to conduct due tu 
the great care required, also shows a good correlation 
with maximum standing height of a core. 

The Doty bar test may also be used to measure the 
ability of a core mixture to make standing cores. How- 
ever, the relationship is not a straight line as may 
be noted in Fig. 10. The shear strength of core sand 
mixtures is very low and would require new testing 
equipment if it is to be used for testing the strength 
of core mixtures. For example: Core mixture No. 2 
has a 0.25 psi shear strength while mixture No. 4 has 
a 0.34 psi shear strength. This is less than an increase 
of two times as compared with an increase of a little 
better than three times for compressive strength. 

The resistance of a core to crack was determined by 
allowing core to roll out of core box dropping success- 
ively a greater distance onto core plate each time until] 
core showed a crack. This data, line 19, Table 1, cor- 
related with number of impacts required to crack test 
core specimen in horizontal position. See data line 20, 
lable 1. A definite relationship exists as illustrated in 
11. As the number of impacts that a core can 


Fig. 
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sustain increases, the greater the abuse the core can 
withstand in rolling out of a box or in handling with- 
out cracking. The core mixture No. 4 containing ben- 
tonite, possessing the greatest compressive strength of 
1.58 psi, could be dropped only 0.43 in. in the roll-out 
operation, while the core mixture No. 3 containing 
cereal with 0.77 psi compressive strength would with- 
stand a drop up to 1.25 in. This greater toughness of 
core mixture No. 3 is indicated by the stress-strain dia- 
gram in Fig. 5. The stress-strain diagram for mixture 
No. 4 shows this core mixture to be more rigid but 
not tougher. Cereal binder imparts toughness while 
clay bonds impart rigidity, in low percentage, as 
used in core mixtures. 

The amount of sagging of the four core mixtures 
under study. varies considerably. Referring to test data 
line No. 18, Table 1, it may be noted that the sag, 
after four impacts of core mixture No. 4, is only 0.006 
in. as compared to 0.151 in. for core mixture No. I. 
This is a ratio of 1 to 25, which indicates that the 
amount of sag in cores may be a large factor in pro- 
ducing cores up to gage and that it may be controlled 





Fig. 8—Impact tester fitted to determine number of 
jolts required to cause over-hang to drop. 














Fig. 9—Stripping 2-in. x 2-in. over-hang test specimen. 
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Fig. 10—Correlation between green strength and 
standing core. 


to a large extent by proper choice of core ingredients. 
A graphical illustration of the rate of sagging for the 
four core mixtures is well illustrated in Fig. 12. 

The ability of the four core mixtures to carry an 
overhang was determined by determining the number 
of impacts required to cause an over-hang to drop 
from a core. The number of impacts required to cause 
the drop are tabulated in line 15, Table 1. This abil- 
ity ranged from | to 9, and no strength test used in 
this investigation correlated with this great range. 
Since the ability of cores to carry an over-hang varies 
greatly it is expedient to measure this ability and use 
ingredients in core mixtures that will result in core 
mixtures that will easily carry the amount of over- 
hang required by core boxes on hand. Undoubtedly, 
many factors enter into this particular ability of a core 
to carry an over-hang; and the better test is to measure 
it directly on an impact test, Fig. 8. 
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Fig. 11—Rollout ability vs. No. of jolts to break core 
horizontal. 
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Fig. 12—Ne.‘of impacts vs sagging of 2x2-in. core. 


Conclusions 


1. The green compressive strength test, using the 
A.F.S. 2 x 2-in. test specimen, is a good measure for 
determining the ability of a core mixture to make 
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standing cores. A rate of loading between 3.5 to 7.0 
psi per min made no material difference on the test 
result. When the rate of loading exceeded 7 psi per 
min, the higher readings than normal were obtained 
on the low strength core mixtures. 

2. The ability of a core to avoid showing surface 
cracks, due to core mass spreading out or tearing apart, 
is best measured by laying a cylindrical core in hori- 
zontal position and subjecting it to impacts of 0.080- 
in. drop until the core shows failure. 

3. An evaluation of the amount that a core mixture 
will sag, due to its own weight and jolts or vibration 
that it will receive before baking may be measured by 
standing the A.F.S. core specimen on end and subject- 
ing it to impacts. Then record the shortening of the 
specimen after four impacts or plotting amount of 
sag (shortening) versus number of impacts. An impact 
produced by a drop of 0.080 in. proved ideal for core 
mixtures studied. 

4. The ability of a core mixture to carry over-hang 
is readily measured by incorporating an over-hang 
section on the end of the A.F.S specimen. An over- 
hang section that proved successful measured %¢ in. 
long, 114 in. in diam at junction with the specimen 
and 224. in. in diam at outer end. This specimen 
was subjected to impacts of 0.080-in. drop until the 
over-hang showed a crack or dropped off. 

5. The core specimen under green impact testing 
may be protected from air drying by placing a trans- 
parent cover over it during the test. 

6. The stress-strain diagrams of core mixtures be- 
fore baking indicate that much fundamental and prac- 
tical information could be obtained from a further 
detailed study. 


DISCUSSION 


Chairman: J. A. RaAssenross, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman: H. K. Satzperc, The Borden Co., Bainbridge, 
ee 

E. E. Woop.irr:' This paper was well presented from the 
standpoint of the practical core maker, for core room mixes, let 
us say. I believe that several cereal contents should be tried be- 
fore substituting bentonite or some other clay material. We all 
know that while bentonite does the very thing that has been 
brought out in this paper, it also has detrimental effects. I be- 
lieve that had the cereal content been extended over several 
percentages, it might have paralleled the curve for bentonite. 

Mr. Dierert: I hope that no one else received the opinion 
that we were favoring bentonite, or that bentonite was the one 
binder that showed up better. If anything, we were a bit fearful 
that we were giving cereal binders too much attention, because 
in two mixtures they were by far the better, for example, for 
the rollout or preventing a core from spreading out. For this, 
we found nothing better than cereal binders. The only case 
where the clay substance, for example bentonite, in mix No. 4 
showed up better was in the sagging resistance and in the stand- 
up ability. 

When we make large cores, such as used for large steel or iron 
castings we do add a considerable amount of clay substance. 
With cereal binder one can only obtain a limited green strength 
and to go beyond this limited strength we use bentonite or fire- 
clays. 

H. W. Meyer:* I have felt for some time what we need in 
the foundry is a method of measuring “feel” of sand. Could not 
the impact tester eventually be used in measuring “feel,” and 
correlation of binder effect on sand? 

1Sand Consulting Engineer, Foundry Sand Service Engineering Co., De- 
troit. 
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Mr. Dietert: It possibly has some other uses such as you 
indicated. This Subcommittee was charged with the duty of 
studying only the strength of the core mixtures. We first studied 
the green strength and now we are studying the dry strength. I 
wonder whether the contour of the stress-strain diagram would 
not be a fair measure of the “feel,” i.e. how plastic the sand is. 
When we pick up a core mixture, we feel for several properties; 
one of which is plasticity. Possibly the stress-strain diagram will 
give the best measure of the “feel,” of what we sensed when we 
picked up a core mix than the impact tester. 

Mr. Meyer: Feel is affected by the tenacity of the sand 
grains. Therefore, I do not believe the deformation test will 
give a true value, for you have the specimen in compression 
while making the test. 

Mr. Dietert: We might try to take, for example, the impact 
tester and measure the rollout ability, the overhang ability and 
the sagging resistance and determine whether or not it does 
have a sensing ability by correlating test data with “feel.” 

Mr. Woop.irF: In answer to Mr. Meyer’s question, I run a 
great number of cereal tests through my laboratory continually 
and I determine deformation and strength and from this calcu- 
late sand toughness. While it may not be correlating to “feel,” 
which is a broad term, it does have a bearing upon the ability 
to stand the work. Especially high toughness is less sticky to the 
core box and it seems to be stronger from the standpoint of 
appearance. Sand toughness itself can be calculated for core 
mixes the same as it is for molding sands. 

Mr. Dierert: Sand toughness might be termed one of the 
better measures of feel that we have today. 

CHAIRMAN RAsSENFOsS: There are four abilities of the core 
mentioned in the paper; the standup ability, rollout, overhang 
and sagging resistance, all of which, in general, of course, refer 
to the strength of the core, either in tension or compression or 
a combination of those properties. 

Just at first glance it would seem the ability to stand up and 
the ability to sag are precisely the same thing, except that they 
are different in rate. You intimate that it would be quite useful 
if we would introduce some new test such as the sagging test, 
etc. I, for one, am so confused by what we already have, that I 
am wondering what we are going to get if we bring a lot more 
tests into the picture. 

Going back again to the fact that your first relationships 
seem to show some sort of correlation between the green tensile 
and compressive tests and these various abilities, would it not be 
wise to carefully investigate and see whether or not it was pos- 
sible to use those two tests, along with the deformation test, to 
correlate with these various abilities rather than to introduce a 
whole new set of values for the foundryman to comprehend and 
interpret? 

Mr. Dierert: The green compressive strength for a No. 3 
mix is 0.71 psi. For a No. 4 mix it was nearly twice as much, 
1.37 psi. Yet, the No. 3 mix cores will roll out of the core box 
much stronger than the No. 4 mix cores. The No. 3 mix cores 
can fall 1.125 in. on roll-out while the No. 4 mix cores can fall 
only 0.43 in. Thus, compressive strength is not a good measure 
for determining whether or not a core will readily crack on roll- 
out or standing. 

Mr. Rassenross: I did not mean to infer you could use the 
green compressive strength alone, rather a combination of the 
green compressive and the tensile strength results. I think that 
one could ‘measure all of these abilities with these tests except 
for the resistance to impact. It would seem at first glance that 
it might have a bearing on even the impact resistance. 

Mr. Dietrert: The Committee felt that the tensile strength 
would measure the overhang ability, because you would think 
that that is the way the core would hang together and you 
would think that this spreading out and cracking of the core, 
that is, the rollout ability, would be measured by the tensile 
core test, but it does not plot out that way. That is not what 
we found. We found that we had to test the samples very much 
like they were abused in the core room to measure the thing 
that the practical man told us about these core mixes. Subject 
them to a lot of small impacts to get the answer to the thing 
that actually caused the failure of the core in the core room. 
The green compressive strength is fine for standing up, and so 
is the tensile, but that is about where it ends. 


2Sand Research & Processing, General Steel Castings Corp., Granite City, 
Ill. 

















A NEW METHOD FOR DETERMINING AUSTENITIC GRAIN SIZE 
OF CAST STEEL * 


By 


E. J. Eckel ** and S. J. Paprocki + 


ABSTRACT 
The authors describe a method for determining austenitic grain 
size of cast steel that is based on the intergranular diffusion of 
bronze into steel at elevated temperatures. The method requires 
neither special apparatus nor difficult techniques, takes little 
time, and gives results that are generally superior to those ob- 
tained by other methods. 


AUSTENITIC GRAIN SIZE is generally recognized as 
an important factor in machinability and mechanical 
properties of cast steels.!:?: Most authorities believe 
that a uniformly fine-grained steel is desirable for op- 
timum mechanical properties at room temperature. 
A coarse grain size, on the other hand, gives greater 
hardenability, machinability, and high temperature 
strength. 

The measurement of austenitic grain size is unique 
in that usually little or no austenite is present in the, 
steel at room temperature. This means that indirect 
methods must be used to delineate the boundaries of 
the austenitic grains. 

Often the greater activity of the boundary of the 
austenitic grains over the remainder of the grains in 
subcritical reactions makes possible an outlining of the 
grains with ferrite, pearlite, or bainite. However, segre- 
gation and lack of sufficient difference in reaction rates 
between the boundary and the center of the grains fre- 
quently make this method unsatisfactory. 

At one time it was taken for granted that when a 
hardened piece of steel was fractured, the fracture fol- 
lowed the grain boundaries, and the grain size could 
be determined by comparison with the fractures of 
standard bars. Grossman has shown recently* that 
large errors may result if the test is used on alloy steels. 

Vilella developed an etchant that could be used on 
tempered martensitic steels. It gave contrasting areas 
that corresponded to the prior austenitic grains. 





* A portion of this investigation was submitted in partial ful- 
fillment of the requirements for the degree of Master of Science 
in Metallurgical Engineering in the Graduate School of the 
University of Illinois. 

** Associate Professor of Metallurgical Engineering, University 
of Illinois, Urbana, IL 

+ Formerly a graduate student in Metallurgical Engineering 
at the University of Illinois, now associated with Battelle Me- 
morial Institute, Columbus, Ohio. 


Hawkes in his excellent paper entitled ‘“Austenite 
Grain Size in Cast Steel”® concluded that this method 
worked more consistently than any of the others. 

At times in our laboratories all the known methods 
for determining austenitic grain size have been used on 
a steel without being able to obtain a clear microstruc- 
ture that could readily be evaluated. In other instances 
success was obtained only after the expenditure of 
much time. 

The need for a better method led the authors to in- 
vestigate the possibilities of utilizing the intergranular 
diffusion characteristics of bronze in steel at elevated 
temperatures. The tendency of copper and some of its 
alloys to penetrate steel intergranularly has been re- 
ported in a number of investigations dealing with 
brazed steel joints.® 7:8 

A year and a half of experimental work, during 
which a great many tests were made, finally led to the 
successful method described in this paper. 

Procedure 

Soon after the investigation was started it was evi- 
dent that there were two major problems involved. 
One was to protect the steel surface while the austeni- 
tic grain size was being established and the other was 
to obtain sufficient diffusion of bronze to completely 
outline the austenitic grains at the surface of the steel. 

Protection during austenitizing was obtained by first 
cutting two slices of the steel in question, about 14 in. 
thick and having a cross-sectienal area of about 4 sq. 
in. The slices were then ground on one side with No. 
3 grit emery paper and coated with tin, using a solder- 
ing iron. While the tin was still molten, the tinned 
surfaces were placed together making a sandwich, the 
filling being a thin layer of tin. The sandwich was 
packed in a small pot with charcoal and then placed 
in a furnace for austenitizing. The purpose of the tin 
was to prevent any change in the chemistry of the sur- 
face of the steel specimens, while that of the charcoal 
was to prevent oxidation of the steel and the tin. 

The sandwich idea was adopted to minimize the 
thickness of the tin layer—a necessary step because of 
rapid attack of iron by tin. The thin layer of tin ap- 
parently formed a compound with iron that was rela- 
tively inactive. 
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The first step in obtaining the diffusion consisted of 
taking a small piece of copper about 14 to \4-in. thick 
and coating an area on one side with tin, using a 
soldering iron. An area somewhat larger than the steel 
specimens and about 4 ¢-in. thick proved satisfactory. 
Ten minutes before the end of the desired austenitiz- 
ing time, the tinned copper plate was placed in the 
furnace. After 8 min of heating which was sufficient 
for the plate to reach the furnace temperature, approxi- 
mately one-half of a milliliter of a 50 per cent mixture 
of powdered brazing flux and phosphor-copper (15 per 
cent phosphorus) was poured on the tinned copper 
plate. Then after two more minutes of heating the 
steel sandwich was removed from the charcoal, opened, 
and one of the specimens was placed, with the tinned- 
side down, in the puddle of bronze that had formed on 
the tinned copper plate. All the operations subsequent 
to the placing of the tinned copper in the furnace were 
carried out in the furnace. The purpose of adding the 
flux and phosphor-copper before the diffusion was 
started, was to insure wetting of the steel specimen 
surface and to obtain greater depth of diffusion, respec- 
tively. Also the phosphor-copper lowered the melting 
point of the bronze so that the diffusion treatment 
could be carried out at temperatures as low as 1400 F 
(760 C). 

Thirty minutes were allowed for diffusion and then 
the steel specimen was lifted from the copper plate and 
quenched in water. 


Pots for Austenitizing - 


As mentioned above, only one side of each specimen 
was protected during austenitizing, and therefore it 
was necessary to use great care to insure that the tinned 
side of the specimen be placed on the copper plate for 
diffusion. After ruining a few tests because of losing 
the specimens in the charcoal or of diffusion-treating 
the wrong side of a specimen, the pot shown in Fig. | 
was used. The essential parts of the pot are two pipe 
caps and a pipe nipple which fits loosely in the pipe 
caps. The specimen sandwich is placed on a small steel 
block so that when the top pipe cap and the nipple are 
raised the charcoal falls away from the sandwich, ex- 
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Fig. 1—Method of packing steel sandwiches for 
austenitization, 
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posing it, and thus eliminating any difficulty in locat- 
ing it with the tongs. 


Metallographic Preparation 

The quenched specimen was prepared for metallo- 
graphic examination by first grinding through the 
bronze layer that covered one side, with three-grit 
emery paper. Grinding to the correct depth was im- 
portant because the depth of diffusion was quite small 
—about 0.001 in. This was not difficult however for 
the surface of the specimen was warped from heat treat- 
ment, and grinding could be regulated to remove the 
bronze from any desired portion of the surface. Thus 
a gradient in the depth of grind was obtained and some 
areas on the specimen were ground to the optimum 
depth. The preparation of the surface was completed 
by regular metallographic grinding and polishing on 
finer emery papers and wet wheels. Etching consisted 
of four to eight minutes immersion in four per cent 
picral. The resulting microstructure was made up of 
relatively light martensite with a network of dark 
boundaries that corresponded to the high bronze areas 
resulting from the intergranular diffusion of bronze in 
the prior austenite. 


Materials 
The cast steels shown in Table 1 have been investi- 
gated. 


TasB_Le 1—Cast STEELS STUDIED 





No. Cc Mn Si Cr Ni Mo V 








Plain Carbon Cast Steels 
Cl 0.24 0.60 0.34 
C2 0.45 0.58 0.38 
C3 1.32 0.73 0.33 


Alloy Cast Steels 





C4 0.37- 1.- 0.35- 0.4- 0.2- 0.1- 
0.43 1.25 0.60 0.6 0.3 0.2 
C5 0.26- l- 0.35- ie 0.25- 0.1- 
0.32 1.25 0.60 0.35 0.12 
C6 0.35- 0.6— 0.6 max 0.6- 1.2- 0.2- 0.16- 
0.45 0.8 0.8 1.4 0.3 0.20 
Results 


Results obtained using cast steels and the diffusion 
method are shown in Fig. 3, 5, 7, 8, 9, 10 and 11. Fig- 
ures 2, 4, and 6 correspond to the same steels and 
austenitizing conditions as Fig. 3, 5 and 7 but illus- 
trate grain sizes developed through the use of cooling 
rates that resulted in an outlining of the austenitic 
grains with ferrite or ferrite and pearlite. It is evident 
that the diffusion method not only gave the same grain 
size but also a much clearer microstructure. Grain 
size checks for the specimens shown in Fig. 8, 9, 10 and 
11 were made using Vilella’s etchant, but sufficient 
contrast for satisfactory photomicrographs was not ob- 
tained. Figure 12 has been included to illustrate the 
lack of clarity characteristic of the microstructures 
when Vilella’s etchant was used. The specimen repre- 
sented is the same as the one shown in Fig. 9 but a 
different surface was etched. By the study of an area 
considerably larger than that shown in the photomicro- 
graph a fair estimate of the grain size could be made. 
Figure 13-shows a specimen that was air cooled in con- 








394 AUSTENITE GRAIN SIZE OF Cast STEE! 








Fig. 2 Fig. 3 


Steel Cl austenitized at 1600 F (871 C) for 1 hr. 


~< 





Fig. 4 


Steel Cl austenitized at 1750 F (953 C) for 1 hr. 





Fig. 6 
Steel C2 austenitized at 1600 F (871 C) for 1 hr. 


Fig. 2 and 4--Microstructures developed by oil quench- etching with nital. 100X. 


ing and etching with nital. 100X. Fig. 3, 5, and 7—Microstructures developed by the dif- 
Vig. 6—Microstructure developed by normalizing and fusion method. 100X. 
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‘ig. 8—Steel C3 


Fig. 10—Steel C5 


fusion method. 100X. 


Fig. 12—Same specimen as shown in Fig. 9 but tem- 
pered for 15 min at 425 F and then etched with Vilella’s 
etchant on a surface at right angles to the one shown 
in Fig. 9. 100X. 














Fig. 11—Steel C6 


Fig. 8,9, 10 and 11—Steels were austenitized at 1600 F 
(871 C) and microstructures were developed by the dif- 





Fig. 13—Steel C2 austenitized at 1600 F (871 C) and 
treated by diffusion method except that specimen was 
allowed to cool slowly in contact with the tin-coated 
copper plate instead of being quenched. Section shown 
is at right angles to the contact surface, which is on the 
right side. Nital Etch. 100X. 
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tact with the copper plate after the diffusion treatment. 
The specimen is sectioned at right angles to the copper 
plate and illustrates the surface protection obtained 
during the heat treating cycle of the diffusion method. 
The grain size at the surface of the specimen is the 
same as that in the body of the specimen and there is 
no appreciable decarburization or carburization. 

Prior to the work on cast steels, many tests were made 
on wrought steels with equally good results. 


Conclusion 


The authors are of the opinion that the diffusion 
method for determining the austenitic grain size is 
superior to methods now in use for the following 
reasons: 

1. It gives a clearer microstructure and is therefore 
easier to evaluate. 

2. It gives satisfactory results for a wide range of 
steel compositions and austenitizing temperatures. 

3. The procedure is the same regardless of the com- 
position or hardenability of the steel. 
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DISCUSSION 


Chairman: C. H. Loric, Battelle Memorial Institute, Cotum- 
bus, Ohio 

Co-Chairman: Cuas. Locke, Armour Research Foundation, 
Chicago 

B. F. Brown (Written Discussion)’: In a metallographic study 
of temper brittleness, Cohen, Hurlich, and Jacobson (Trans. 
ASM, vol. 39, p. 109, 1947) developed and used an etchant which 
they noted might also be used to measure austenite grain size. 
Because of the comparative simplicity of this method, a modified 
technique for its use will be outlined and photomicrographs will 
be presented as subject matter allied with Prof. Eckel’s and Mr. 
Paprocki’s contribution to the techniques available for the 
metallography of cast steel. 

A specimen of the steel to be rated for grain size is given any 
desired austenitizing treatment, quenched to martensite, and 
preferably but not always necessarily tempered at about 975 F 
for 4 hr or more. It is then given a good metallographic polish, 
etched for about 1 min in the Zephiran reagent described below, 
and lightly repolished to remove the general etch while leaving 
the grain boundaries delineated. 

The etchant consists of 50 g of picric acid, 250 cc of ethyl 
ether, 10 cc of Zephiran chloride (12.8% solution), and 240 cc 
of water. The ether may be of commercial grade, and the 
Zephiran chloride may be found in pharmacies. 

These reagents are shaken thoroughly upon first mixing and 
allowed to settle into two liquid layers, the supernatant (ether) 
layer being that used for etching, most conveniently performed 
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in the storage container. Etching must be followed at once | 
an alcohol rinse and then by a water rinse. The reagent is acti\ 
long after the ether layer is darkened. 

Photomicrographs of three low alloy cast steel specimens wit 
grain size revealed by the Zephiran etchant and by the martei- 
sitic (Vilella) etchant are shown in Fig. 14, 15 and 16. 

Figure 14 illustrates a cast steel having regular coarse 
grains; Figure 15 illustrates a steel having a dendritic variation 
of grain sizes; and Figure 16 illustrates a regular fine grain sie 
(although there is a dendritic variation in intensity of etchirg 
attack) . 

From a number of comparisons of grain size as developed 
by the standard martensitic etch and by the Zephiran reagent, 
it appears that the Zephiran reagent gives a true grain size and 
that it can be applied to many types of steels. The etching 
and tating techniques are easier than for the martensitic etch, 
and the Zephiran etchant is apt to present duplex grain size 
more graphically than the martensitic etch, which tends to 
present the larger grains more emphatically. In summary, its 
advantages warrant its trial on a large scale to see what limita- 
tions of composition and heterogeneity—if any—might restrict its 
applicability. 

Mr. Eckert (Authors’ Written Reply): 1 would like to thank 
Mr. Brown for his fine presentation of the Cohen, Hurlich and 
Jacobson method for determining the austenitic grain size of 
steel. Since this method was originally published in a paper 
entitled “A Metallographic Etchant to Reveal Temper Brittle- 
ness in Steel” it might well have escaped the attention of men 
only interested in its application for austenitic grain size meas- 
urements. 

When the Cohen et al paper was published, we were of the 
opinion that the microstructures illustrated indicated some lack 
of clarity insofar as the austenitic grain sizes were concerned. 
Some of the specimens showed the grain size only in banded 
areas while in others the grain boundaries were indistinct or 
incomplete. Also, the authors claimed success with the etchant 
used, only when it was applied to steels susceptible to temper- 
brittleness. We therefore concluded that there was still need 
for a better method for determining the austenitic grain size. 

E. A. Lorta (Written Discussion):* The grain size of a metal 
or alloy is an important factor in determining its properties. In 
steel, grain size affects hardenability, toughness and machinabil- 
ity. In order te define these effects as well as to control the 
properties of a material, many accurate and rapid measure- 
ments of grain size are necessary. The authors of this paper are 
to be complimented in presenting another method for the esti- 
mation of grain size. Their diffusion method can take its place 
with the fracture, oxidation, normalizing, gradient quench and 
martensitic etch methods. 

The diffusion method can be compared to the oxidation 
method in its mode of delineating the former austenite grain 
boundaries. An advantage of both methods is that they rarely, 
if ever, fail to give good outlining of grains. A mutual disad- 
vantage is that, apparently, one can never be sure that the 
grain size observed at or near the penetration surface is the 
same as it is throughout the remainder of the specimen. Conse- 
quently, ratings should be made at the deepest point below the 
surface where grains are still completely outlined because grain 
sizes observed close to the surface may be one or two numbers 
finer than those observed deeper in the steel. Like its prede- 
cessors, the method does not prove that one has obtained the 
true grain size. Actually, the true grain size may be between 
that observed by the diffusion (or oxidation) method and the 
other methods since the latter may obliterate small grains before 
they outline sufficiently the large grains for rating. It should be 
noted that a duplexed grain structure is shown in all the illus- 
trations of steels austenitized at 1600 F. 

The selection of the area from which the 14-in. thick speci- 
men is taken is important. In this connection the writer would 
like to know where the test specimens for the six steels studied 
were taken with respect to the casting surface? Needless to say 
the depiction of the cross-sections of columnar grains which 
occur at or near the casting surface should be avoided in order 
to achieve reliable results. Because only a skin effect (0.001 in.) 
can be obtained with this method, the selection of the proper 
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B. Steel 1 etched with martensitic etch. 100 x. 





1. Steel 3 etched with Zephiran reagent and lightly repolished. B. Steel 3 etched with martensitic etch. 100 x. 
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area for examination is imperative. 

Deoxidation practice plays a major role in regard to grain 
growth characteristics of steel. In view of the duplexed struc- 
ture shown for the steels austenitized at 1600 F (Fig. 3, 7, 8-11), 
would the authors specify the deoxidation practice that was 
employed in these steels? The variation, from heat to heat, in 
the grain size of several steels given the same heat treatment 
results chiefly from differences in deoxidation practice. Thus, 
steels treated with aluminum or other strong deoxidizers tend 
to bear less grain growth as austenitizing temperatures and times 
are increased. Many of these fully killed steels undergo almost 
no grain growth until their so-called coarsening temperature is 
reached. Above this temperature (e.g. 1700 F), they usually 
begin to coarsen rapidly, though not necessarily uniformly 
throughout the microsection; this leads to duplex grain size 
ratings. Further increase in time or temperature of heat treat- 
ment usually will fully coarsen these steels. On the other hand, 
silicon-killed steels are ordinarily considered to coarsen gradu- 
ally throughout any temperature range in which they are nor- 
mally heat treated though they can be found to be fine grained 
at 1550 F, for example, a temperature from which they are 
frequently quenched. In view of these circumstances, the duplex 
grain size in the authors’ steels is somewhat unusual. Perhaps 
it indicates that only a relatively small amount of aluminum 
was used. 

Furthermore, on the subject of austenitizing temperatures, 
have the authors used their diffusion method to reveal the in- 
cipient formation of new grains on just reheating above the Ac, 
temperature (around 1400 F), or in observing grain coarsening 
at elevated temperatures (beyond 1750 F)? The writer believes 
that difficulties may be encountered with the method at these 
two extremes. 

In regard to Fig. 12 which illustrates the failure of Vilella’s 
martensitic etch to yield enough grain contrast it should be 
mentioned that frequently repeated repolishing and etching will 
reveal a suitable structure. Furthermore, the latest innovation 
of adding the wetting agent, Zephiran chloride, to the regular 
etching reagents, picral and nital, has increased their sensitivity 
to a marked degree. 

Finally, of interest is the composition of the intergranulai 
precipitate brought out by the diffusion of the bronze in the 
prior austenite and just what element is doing the diffusing. 
Perhaps, the appearance of the grain boundary network with 
special etching techniques and at higher magnification than 
the 100 diameter micrographs shown in the paper would shed 
some light on this problem. Very heavy bronze boundaries for 
such study could be developed by employing the method at 
relatively high austenitizing temperatures. An area close to the 
bronze layer itself should provide the best point of examina- 
tion. Recently, Hawkes* has shown a micrograph of a pearlite 
colony boundary precipitate in slowly cooled low alloy cast steel 
possessing a dendritic blocky ferrite structure. The effect of this 
unidentified phase on mechanical properties has not been es- 
tablished and it is not certain whether it or the dendritic pat- 
tern is responsible for the decrease in ductility reported on 
cooling such steels at very slow rates. From this standpoint it 
would be worthwhile if the authors could apply their method 
in determining what effect the intergranular penetration of 
bronze would have on the ductility of sub-size tensile test speci- 
mens of quenched steel. 

Mr. Ecket (Authors’ Written Reply): We wish to thank Mr. 
Loria for his fine discussion of the austenitic grain size of steel. 
It should be especially helpful to investigators who have not 
done extensive work on grain size determinations. 

In Mr. Loria’s discussion he mentions that the diffusion 
method probably suffers from the same inaccuracies that are 
characteristic of the oxidation method. It is a well known fact 
that the oxidation method does tend to give a grain size which 
is smaller than that found at some distance below the surface. 
This is to be expected because the intergranular oxidation of 
the steel inhibits grain growth, and the oxidation takes place 
throughout the austenitizing treatment. In the diffusion treat- 
ment the intergranular diffusion of bronze also inhibits grain 
growth and it is for this reason that the austenitization is carried 
out with a protective coating of tin which does not appear to 





*M. F. Hawkes and B. F. Brown, “The Microstructure and Mechanical 
Properties of Cast Steels,’? Transaction, ASM, vol. 41 (1949). 
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affect the grain growth. It is probably true that if very sho 
austenitizing times were used such that rapid grain growt 
would be occurring at the time the diffusion of bronze w.: 
begun, there would be an error in the grain size determinatior 
In our own tests in which austenitizing times of from 1 to 11 
hr (total time in the furnace) were used we obtained ver 
good checks when the grain sizes obtained with the diffusio 
method were compared with the results obtained with oth« 
methods which dealt with a grain size located at a considerab! 
distance below the surface. This seemed sufficient proof of t! 
accuracy of the diffusion method. 

Mr. Loria also states that the small grains may be obliterate 
in the diffusion treatment before the large grains are outline 
sufficiently for rating. We believe that one of the outstandin: 
characteristics of the diffusion method is the sharp fine boun 
daries generally obtained. This is borne out by the phot 
micrographs (Fig. 3, 5, 7, 8-11). 

The importance of the section location in the casting wa: 
realized at the time of testing and care was taken that the dif 
fusion treated specimens and the check specimens were taken a: 
the same distance below the surface. 

Since we were merely interested in obtaining a series of steels 
that would represent a variation in composition and grain 
size we did not believe it necessary to know the deoxidation 
practice used. This information was not available on the 
steels we had on hand. 

In regard to the use of lower or higher austenitizing tem- 
peratures, we have used temperatures ranging from 1400 to 
1850 F and obtained results similar to those at 1600 F. The 
minimum temperature of course would be limited by the melt 
ing range of the bronze. The results at 1850 F gave no indica- 
tion that this was a limiting temperature. 

The microstructure illustrating the results obtained with 
Vilella’s reagent was developed after a number of repolishes and 
etches. In fact, more time was spent in preparing this single 
specimen than all the others that were photographed for the 
paper. 

R. H. Jacosy:* The authors are to be complimented on this 
fine paper and a new tool. I have this to offer. In investigation 
work, we are attempting to ascertain the austenitic grain struc 
ture “as received.” We still have the same problem. Any heat- 
ing would spoil the effects of the material as it was originally 
processed. 

Mr. Ecket: The diffusion method is one which would have 
to be applied at the time that the material was austenitized and 
could not be used to determine a grain size which was previously 
set up. It would be of value only to the person heat treating 
the steel. 

C. K. Donono:* This seems to be a valuable tool since it 
does accurately define grain boundaries. With other methods 
such as the martensitic etch it is still a matter of guess work to 
decide where the grains are. This method will be useful. This 
paper is a worthwhile contribution to the foundry technical 
literature. 

Memser: How sensitive is this method of grain size deter- 
mination to temperatures at or near 1600 F? In other words, if 
you wanted to heat the material nearer the critical temperature, 
such as 1500 F, would you get a clear outline of the grain 
boundaries? 

Mr. EckeLt: The temperature range used thus far is 1400 
to 1850 F. We did not attempt to go any higher or any lower. 
The 1400 to 1850 F temperature range covered all the steels we 
were interested in. If you heated at a temperature lower than 
1400 F you probably would have some difficulty as a result of 
the bronze solidifying during the diffusion treatment and it 
would be impossible to remove the specimen from the copper 
plate. 

N. B. Biaskt:® Several students in the Dept. of Mining and 
Metallurgical Engineering at the University of Illinois tried this 
bronze diffusion method on an SAE 2340 steel. We austenitized 
at 1450 F for 1 hr and obtained an ASTM No. 8 grain size and 
a good microstructure for a photomicrograph. 

We also used the method on an SAE 1040 steel and obtained 
an ASTM No. 8 grain size. We tried the normalizing treatment 
to check it and also got an ASTM No. 8 grain size. There is 
nothing especially difficult about the technique. I would like to 


8 Plant Metallurgist, The Key Co., East St. Louis, Ill. 
* Chief Metallurgist, American Cast Iron Pipe Co., Birmingham, Ala. 
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compliment Prof. Eckel for a sure method of determining aus- 
tenitic grain size. 

CHAIRMAN Loric: In Fig. 13 which shows a section at right 
angles to the surface which was treated with bronze do the 
grains surrounded with bronze extend the full extent of the 
micrograph or is there a region showing limited penetration of 
the bronze with the remaining grains delineated by ferrite? 
The particular photomicrograph apparently does not distin- 
guish between the grains delineated by the bronze and those 
delineated by ferrite. 

Mr. Ecxet: The diffusion-affected areas are about one grain 
deep or possibly slightly more. They do not show up after the 
normalizing. The specimen appears the same right up through 
the interface, and there is no indication that it has been 
treated. 

F. W. Boutcer:* The authors are to be congratulated for a 
novel solution to an old problem. Is the 14-hr diffusion treat- 
ment suitable for all temperatures or are longer diffusing 
cycles required at lower temperatures, 1400-1450 F? 

Mr. Ecker: We used an arbitrary value of 14 hr for all 
these specimens. That is satisfactory for temperatures of 1400 
F and higher. It is true that at some higher temperatures the 
amount of diffusion is greater as you might expect, and upon 
just grinding through the bronze layer, you often find that the 
boundaries are quite wide and you can actually see the bronze 
in the prior austenitic grain boundaries. In some of our tests, 
when we took sections at right angles to the treated surface, 
we noticed that some of the grains were completely separated 
from the rest of the steel by the bronze. 

We made some tests with diffusion cycles shorter than 14 hr. 
We were able to delineate the grain size with only a 15-min treat- 
ment. The results were better, however, with a 14-hr treatment. 
We wanted to keep the time as short as possible and 14 hr 
seemed to be satisfactory. 

A. J. Smirn:* I would like to ask if there is any top limit 
that can be considered for use in this method. When we get into 
some of the ferritic steels to be used in high temperature service, 
normally requiring coarse grain, the high alloy additions fre- 
quently make it necessary to soak for long times at very high 
temperatures to develop the desired structures. Experimentally 
and even in practice temperatures of 2000 and 2100 F have 
been employed. Would this method be feasible at such tem- 


5Senior Student, Dept. of Mining & Met. Engr., U. of I, Urbana, IIl. 

*Sup. Metallurgist, Battelle Memorial Institute, Columbus, Ohio 

7 Head, Metallurgical Engineering Dept., Michigan State College, East 
Lansing, Mich. P 
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peratures? 

Mr. EckeL: Since we did not exceed 1850 F, I cannot answer 
the question. It is quite possible that something else might 
happen at a higher temperature, and the grain size would not 
be as clear as at lower temperatures. We had some higher 
temperatures in mind at one time, and we thought it might be 
possible to set up the austenitic grain size at one temperature 
and then diffusion-treat the specimen at a lower temperature. 
In other words, we might pick out some temperature at which 
the diffusion treatment seemed to work best, say 1550 or 1600 F, 
then if the austenitizing temperature were higher than that, we 
could cool down after the austenitic grain size was established 
and treat at lower temperatures for diffusion. Upon doing that, 
however, we got erratic results. We do not know just why that 
was, but we would not recommend setting up the grain size at 
one temperature and diffusion treating ,at a lower temperature. 

CHAIRMAN Loric: In connection with A. J. Smith’s comment, 
perhaps one might use molten copper to substitute for the 
bronze at the temperatures above the melting temperature of 
copper. It is known that copper will diffuse rapidly into steel 
above its melting point and if the temperature of 2000 F, for 
example, is exceeded it should be possible to use a molten 
copper bath, and by so doing, obtain some of the same effects 
that Prof. Eckel has obtained with bronze. 

R. C. Woopwarp:* What magnification was used in the photo- 
micrographs? 

Mr. Ecket: The original magnification was 100x. 

J. F. Wattace:* I would like to compliment the authors on 
the development of an excellent method of distinguishing the 
austenitic grain size in cast steels. The Zephiran chloride etchant 
developed by Cohen, Hurlich, and Jacobson to indicate temper 
brittleness in steels has been used at Watertown Arsenal to 
determine the austenitic grain size in alloy steels where the 
martensitic etch failed to properly delineate the grain boun- 
daries. Since this etchant also attacks the grain boundaries, 
these boundaries are clearly shown when the proper technique 
is employed. 

Mr. Ecket: I am glad to know that the Zephiran chloride 
etchant has a wider application than the authors of the original 
paper indicated. At the time we first saw the paper we were 
not impressed by the photomicrographs. We also found our 
storeroom did not stock Zephiran chloride and so we lost inter 
est. As a result of the favorable discussion we will attempt to 
use the Zephiran chloride etchant shortly and compare it with 
the diffusion method. 


8 Chief Metallurgist, Bucyrus-Erie Co., Milwaukee, Wis. 
® Metallurgist, Watertown Arsenal, Watertown, Mass. 








SCABBING TENDENCIES OF MOLDING SANDS 


A Progress Report By 


A.F.S. Committee on Physical Properties of [ron 


Molding Materials at Elevated Temperatures 


Introduction 


A two-day foundry meeting was held at the Univer- 
sity of Michigan, April 14 and 15, 1948, to study the 
causes of scab defect on iron castings. Figure | illus- 
trates a cross section of the types of scab defect studied. 


Research Procedure 


Two patterns were selected in an angle pattern as 
shown in Fig. 2 and a flat pattern 8 x 11 x 15g in. 
The angle pattern presented a greater variety of mold 
surfaces. After studying castings made from both 
patterns, it was selected as being the most indicative. 





Fig. 1—Cross Section of Scab Defect. 
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Fig. 2—Angle Pattern used for Test Castings. 





The plan of attack for determining the causes of 


scab defect was similar to the Committee’s procedure 


for determining the causes of the rat-tail defect. The 
first problem was to select a good test pattern and a 
test sand which would produce, at will, the defect 
being studied. A series of castings was made to deter 
mine if differences in casting thickness, pouring tem- 
perature, pouring time and mold hardness would pro- 
duce the scab defect. After selecting the standard con- 
ditions for pattern equipment, mold hardness, pouring 
rate and metal temperature, a series of castings was 
made with the selected sand. This sand was then 
altered with respect to moisture content, green com- 
pressive strength, fineness and additives to determine 
what changes in these properties would effect the scab. 

After a thorough study of the selected test sand had 
been made, a group of sands used in production type 
foundries was tested to verify previous data. Those 
sands producing the defect under study were then 
altered to eliminate the defect. The sands not sus- 
ceptible to scabbing were altered so that scabs would 
be produced. In conjunction with the above proce- 
dure, considerable sand test data was obtained which 
could be correlated with the results obtained on the 
castings. Through this correlation, the Committee will 
attempt to show which sand property or properties are 
related to the defect. All sands used in the investiga- 
tion were tested for room, dry and elevated tempera- 
ture properties. 

The sand mixtures No. 1 and No. 2 were made by 
bonding a washed and dried silica sand herein desig- 
nated by the letter “A.” The fineness of this sand is 
substantially as follows: 


A.F.S. Sieve No. Retained, % 


40 30 
50 35 
70 20 
100 10 
200 5 


The gray iron used for the test castings had an ap- 
proximate analysis of: 


Element Per Cent 
Total Carbon 3.00 
Manganese 0.50 
Silicon 2.30 
Sulphur 0.10 
Phosphorus 0.25 
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The metal was melted in a rocking-type electric 
furnace. Metal temperature was measured with a 
Pt-Ptl0% Rh couple using a quartz protecting shield. 
The pouring temperature for all molds was 2650 F 
except a series of molds poured at temperatures of 
2800, 2700, 2600 and 2500 F. 


Foundry Operation 


All foundry operations were performed in accord- 
ance with the following procedure so that reproduci- 
bility was assured. 

Flask size 12 x 16 x 614% in. 


DRAG 


1. Place drag flask on drag board. 

2. Place l-in. high up-set on drag flask. 

3. Dust parting onto pattern. 

t. Riddle two shovels of test sand onto pattern. 
5. Fill flask with backing sand. 

6. Jolt 40 times or to desired mold hardness. 

7. Strike off sand to top of upset and remove up-set. 
8. Place bottom board on drag. 

9. Squeeze once with 100 psi air pressure. 

10. Turn drag over. 

11. Vibrate and draw pattern. 

12. Place drag mold on floor. 

13. Measure mold hardness and record. 

14. Stamp casting number on drag mold. 


CopE 


15. Place cope flask on cope board. 

16. Place l-in. up-set on cope flask. 

17. Dust parting onto board. 

18. Riddle two shovels of test sand in cope flask. 

19. Fill cope flask with backing sand. 

20. Jolt 40 times or to desired mold hardness. 

21. Level sand. 

22. Place squeeze board on cope. 

23. Squeeze once. ° 

24. Remove up:set, strike off level and cut sprue 
34-in. diameter. 

25. Lift cope and set on edge. 

26. Measure mold hardness and record. 

27. Close mold. 

28. Place two 70-lb weights on mold. 


Casting Results of Heats Poured April 14 and 15, 
1948—Sand mixtures, mold hardness, metal pouring 
temperature, casting defects and other data pertain- 
ing to the foundry operations are tabulated in Tables 
1 to 7 inclusive. 

The castings obtained were sand blasted and the 
quality of casting surface was studied and _photo- 
graphed. 

Representative castings obtained from facing sands 
Nos. 1 to 6 inclusive, are illustrated in Fig. 3. 

Casting No. | is representative of those obtained 
using No. 1 sand. This sand had a high permeability 
(278). Considerable metal penetration was found, 
but no scab defect. 

Casting No. 2 has many scab defects on all drag sur- 
faces, while casting No. 3, made with No. 3 sand, has 
no scab defect. Casting No. 4, made with sand No. 4, 
has one definite scab present on the drag at the re- 
entrant corner. 
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TABLE 1—FouNpRY DATA FoR Test CASTINGS MADE IN 
No. 1 SAND 
No. 1 Sand 

Per Cent 


Weight, Lb Ingredient 


Silica Sand A 





90.5 90.5 
8.75 8.75 Ohio Clay 
0.75 0.75 Western Bentonite 
Mulled dry — 3 min 
Mulled tempered — 5 min 
Moisture — 4.3% 
Mold Metal Pouring Shake 
Mold Molding Hardness Time of Temp., Time, Out 
No. Time Cope Drag Pouring F Sec Time Defect 


Fig. 2 Test Casting 
1-1 11:00 78 68 5:02 2600 12 :20 Poured 
A.M. short 
1-2 1:30 78 70 85:00 2600 12 :20 Penetra- 
tion 
Veining 
Scabs 


io) | 


wr 


Flat Casting 
1-3 11:40 72 80 5:58 2575 17 5:20 Scab 
Rat Tail 
Rough 





TaBLeE 2—FounprRY DATA FoR Test CASTINGS MADE IN 
No. 2 SAND 
No. 2 Sand 

Ingredient 


Weight, Lb Per Cent 





22.5 20.4 Silica Flour 
78.0 71.0 Silica Sand A 
8.75 7.93 Ohio Clay 
0.75 0.67 Western Bentonite 
Mixed dry — 3 min 
Mixed tempered — 5 min 
Moisture — 6.0% 
Mold Metal Pouring Shake 


Mold Molding Hardness Time of Temp., Time, Out 
No. Time Cope Drag Pouring F Sec Time Defect 


Fig. 2 Test Casting 
2-1 11:45 75 70) 4:55 2600 18 5:15 Scab 
2-2 11:40 838i 70 94:50 2650 7 5:15 Scab 
Flat Casting 
2-3 12:05 70 75 4:45 2600 16 5:15 Scab 
Buckle 





TABLE 3—FOUNDRY DATA FOR Test CASTINGS MADE IN 
No. 3 SAND 


Sand No. 3 Foundry Heap Sand 





Mixed — $ min after tempering 
Moisture — 5.3% 
Mold Metal Pouring Shake 

Mold Molding Hardness Time of Temp., Time, Out 

No. Time Cope Drag Pouring F Sec Time Defect 





Fig. 2 Test Casting 
3-1 2:40 78 70 5:49 Couple 814 5:55 Spalled 


Broke 
3-2 2:45 78 75 5:47 Couple 814 5:55 Small 
Broke Spots 


Flat Casting 
3-3 2:55 70 85 5:44 2650 2 


5:55 None 
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Castings No. 5 and 6, made respectively in No. 5 
and No. 6 sands, do not show the defect being studied. 

Properties of Sands Used April 14 and 15, 1948—The 
green properties of the sands Nos. | to 6 inclusive are 
tabulated in Table No. 8. The fineness of these sands 
is illustrated in Fig. 4. The dry and elevated tempera- 
ture test data is tabulated in Table No. 9. 

The silica sand “A” used as the base for test sands 
No. | and 2 was washed and dried silica sand with 
fineness as previously given. 


TABLE 4—FOUNDRY DATA FOR TEST CASTINGS MADE IN 
No. 4 SAND 


Sand No. 4 Foundry Heap Sar 





Weight, Lb Per Cent Ingredient 
90 90.0 Heap Sand 
10 10.0 Ohio Natural Sand 
Mixed dry 3 min 
Mixed tempered 5 min 
Moisture — 84° 
Mold Metal Pouring Shake 
Mold Molding Hardness Time of Temp., Time, Out 
No. Time Cope Drag Pouring F Sec rime Detect 


Fig. 2 Test Casting 
4-1 3:15 80 65 6:42 2650 9 
1-2 $:20 80 68 6:37 2650 10 


6:50 Scab 
6:50 Scab 


Flat Casting 
4-3 3:30 86 82 6:35 2650 17 6:50 


SCABBING TENDENCIES OF MOLDING SAN! 


The stress-strain diagrams for sand Nos. | to 6 a: 
illustrated in Fig. 5. The stress-strain diagrams -f 
sands Nos. 2 and 4 that produced castings with sca 
defects show high green deformation, respective! 
0.028 and 0.025 in. per in. 

The expansion test, whether free or confined, 1 
vealed that sands No. 2 and 4, which produced cas 
ings with scab defects, has slower rates of expansioi 
as indicated in Fig. 6. The laboratory testing proc: 
dure was as follows. 

The sand to be tested was rammed into a quart 
tube 114-in. I.D. x 3-in. in length and a suitable pat 
tern provided a test specimen having a hollow cente 
l4-in. in diameter. Figure 7 shows a cross-section of 


TABLE 5—FounpryY DATA FoR Test CASTINGS MADE IN 
No. 5 SAND 


Sand No. 5 New York Natural Sand 





Mulled dry 14 min 
Mulled tempered > min 
Moisture — 5.6% 
Mold Metal Pouring Shake 
Mold Molding Hardness Time of Temp., Time, Out 
No. Time Cope Drag Pouring’ F Sec rime Defect 


Fig. 2 Test Casting 


5-1 2:30 78 78 3:54 Couple 6.5 Very 
Broke Good 
Casting 
5-2 2:45 77 80 = 3:56 Couple 10 


Broke 
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| ABLE 6—FouNpRY Dara FoR TrEst CASTINGS MADE IN 
No. 6 SAND 


Sand No. 6 Ohio Natural Sand 








TABLE 
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7—Founpry Data or Test Castincs MADE IN 
No. 2 SANp UsING VARIOUS POURING TPMPERATURES 


Weight, Lb 


No. 


2 Sand 


Per Cent 


Ingredient 


















































Mulled — 5 Min, tempered 
Moisture — 8.7% 56.0 71.0 Silica Sand 
13.0 20.4 Silica Flour 
Mold Metal Pouring Shake 17.5 7.95 Ohio Clay 
Mold Molding Hardness Time of Temp., Time, Out 1.5 0.67 Western Bentonite 
No. Time Cope Drag Pouring Fk Sec Time Defect Mulled dry $ min 
Mulled tempered — 5 min 
Fig. 2 Test Casting Moisture — 5.8% 
} 2:00 8! 65 3:55 2650 7 N : . - - 
- “ 88 Ss Ss ' -_ M7 ad Mold Pouring Time of Pouring 
~ ; »y _ p ee Mold Molding Hardness Time of Temp.; Shake Time 
6-2 2:15 74 60 = 4:00 2650 7 No ' -_ ee ee ; ae 
: No. Time Cope Drag Pouring’ F Out Sec Defect 
bv eye Scabs 
Good Fig 2 Test Casting 
Casting 
a 2-4 9:50 76 70 12:35 2500 2:25 6  Scabs 
2-5 10:04 76 73 «(12:35 2500 2:25 12 Scabs 
| : bly { ‘ | holl 2-6 10:15 76 70 12:20 2600 2:25 6.5 Scabs 
> » . < > 3 ? oO > - ~ - « wR 9-9" . x 
the Specimen tu »€ assemD y ol on ming the 10LLOW 9.7 10:25 79 74 12:90 2600 9-9, 6.5 Scabs 
confined expansion test specimen. The resulting test 9-8 10:45 77 72 12:25 2700 2:25 6.5 Scabs 
specimen was introduced into a furnace previously 2-9 10:55 77 70 12:25 2700 2:25 10.5  Scabs 
heated to 1500 F. A free expansion test was made on 2-10 11:05 74 = 73 12:30 2800 2:25 7.0 Scabs 
- m “a 9. ~1 od =o 3. 9 9.9" 95 Sc: 
the No. 1 sand since it would break the quartz tube at ous © &eE SS a5 Som 
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MICRON SIZE 


Fig. 4#—Fineness Curves for Sands No. I to 6, Incl. 
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TABLE 8—GREEN PROPERTIES OF SANDS | To 6, INCL. 
Properties Sand Number 
1 2 3 4 5 6 
Moisture, % 2.3 5.7 5.3 8.5 4.9 8.0 
2-in. Specimen Weight, gm 172 196 169 171 169 174 
Permeability 278 65 103 26 74.4 30 
Compressive Strength, psi : aa 8.1 10 10.6 16.5 17.1 
Deformation, in./in. 0.016 0.028 0.020 0.024 0.016 0.0 
Sand Toughness Number 125 226 200 265 264 359 
Yield Strength, psi 3.8 5.8 9 8.5 13.5 15.5 
Yield Deformation, in./in. 0.001 0.006 0.007 0.010 0.005 0.008 
Yield Sand Toughness Number 38 34.8 63 85 67.5 124 
Density, Ib/cu ft 104 118 102 104 102 105 
Flowability 82.7 69.2 70.5 70 73.2 61.7 
Fineness Microns 
% Gravel, 1000+ 0.0 0.0 5.0 1.5 5.0 1.0 
% Sand, 50 to 1000 91.0 79.0 83.0 77.5 78.0 70.0 
% Silt, 5 to 50 2.0 13.5 6.0 11.0 5.0 12.5 
% Clay, 1 to 5 1.0 3.5 3.0 4.0 1.0 5.5 
% Colloid, —1 6.0 4.0 3.0 6.0 11.0 11.0 
A.F.S. Clay 9.2 17.0 13.3 20.2 14.7 23.8 
Grain Fineness No. 39.1 72.8 64.4 80.0 61.3 100.4 
Medium Size Microns 390 335 270 185 205 135 
Defect Penetration Numerous None Scab None None 
Scabs 
TaBLE 9—Dry AND ELEVATED TEMPERATURE PROPERTIES OF SANDS No. | To 6, INCL. 
Sand Number 
1 2 3 4 5 6 Notes 
Dry Compressive Strength, psi 44 189 56 136 33 90 
Confined Expansion, *Cracked 
1500 F, Furnace, 4-oz load, in./in. * (free) quartz 
0.023 0.020 0.035 0.022 0.034 0.020 tubes 
Free Expansion, 2500 F, 
Furnace, 4-oz load, in./in. .031 .036 .018 0.23 .028 .020 
Spalling, 2500 F, Slight Slight Badly Few Slight Badly *Badly 
Furnace 2-Min Exposure cracking cracking spalled small cracking spalled spalled 
on sides on sides on cracks and very on on 
and top and top sides on sides slight sides cooling 
bulge* 
Sintering Point, F 2800 2650 2325 2350 2425 2325 
Hot Shrinkage, 4-0oz load, 12-Min 
Exposure, 2500 F, in./in. 0.026 0.033 0.047 0.020 0.054 0.10 
Hot Compressive Strength 
12-Min exposure, 1-in. per 
Min. Table rise. 500 F 62.5 355 39.5 136.5 42 98 
1000 F 100 647 . 40 210 106 220 
1500 F 242 over 105 300 167 500 
1000 psi 
2000 F 635 over 48 90 400 660 
1000 psi 
2500 F 24 450 3.3 9.0 18 10 
114-in. specimen 56.6 66.4 56.7 58.2 56.5 60.0 
Weight, gm. 
Defect Penetra- Numerous None Scab None None 
tion Scabs 





TABLE 10—CoONDENSED SAND Test DATA SHOWING HiGH Dry STRENGTH, GREEN DEFORMATION AND 
Hort STRENGTH AT 500 F CorRELATED WITH SCAB DEFECTS 





Sand Number 





l 2 3 4 5 6 
Green Deformation, in./in. 0.016 0.028 0.020 0.025 0.016 0.020 
Dry Strength, psi 44 189 56 136 33 90 
Hot Strength (500 F), psi 62.5 355 39.5 136.5 42 98 
Defect Penetration None Scab None None 
Numerous 


Scabs 
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Fig. 5—Stress-Strain Diagram for Sands No. 1 to 6, Incl. 
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Fig. 6—Expansion Curve for Sands No. 1 to 6, Incl. 





Fig. 7—Specimen Tube Assembly for the Hollow 
Confined Expansion Test specimen. 


1500 F. Free expansion test were made on all samples 
at 2500 F. No significant information was revealed 
when conducting tests at this higher temperature. 

A series of castings made using No. 2 sand produced 
severe scab defects when pouring the molds with 
metal at temperatures of 2800, 2700, 2600 and 2500 F. 
Figure 8 gives evidence which indicates that the pour- 
ing temperature had no apparent effect on the degree 
of scabbing when sand No. 2 was used. 


Discussion 


Castings No. 2 and 4 show definite scab defects. 
The defect on casting No. 2 is very pronounced. A 
range in the degree of scabbing exists in the various 
sands. Hence, whichever property or properties of the 
sand induce the scab defect in the sand would be more 
pronounced in the No. 2 sand than in the No. | sand. 

The sand test data given in Table 10 indicates the 
sand properties that best correlate at present with 
scab defect. 

A study of these data reveals that castings No. 2 











2500 F 2600 F 


SCABBING TENDENCIES OF MOLDING SAND 
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2700 F 2800 F 


Fig. 8—Metal Pouring Temperatures. 


and 4, with scab defects, were made in sands possess- 
ing the highest green deformation, highest dry com- 
pressive strength, and highest compressive hot strength 
at 500 F. The high hot strength is due to the 20.4 per 
cent silica flour that this sand contains. 

An illustration of the green deformation property 
of the sands is shown in Fig. 5. Note how much fur- 
ther to the right in the stress-strain diagram, shown by 
higher values of strain, the two scabbing sands, No. 2 
and 4, are in respect to the non-scabbing sands No. 1, 
3, 5 and 6. 

The scabbing sands, No. 2 and 4, have ultimate 
strain values of 0.028 and 0.024 in. per in., respec- 
tively, while the other sands have a strain value of 
0.020 in. per in., or less. 

Of the six sands tested, those that did not produce 
scabs had a dry compressive strength of 90 psi or less, 
whereas those that scabbed had a dry compressive 
strength above 90 psi. The No. 2 sand has a hot com- 
pressive strength at 500 F or 355 psi, while the No. 4 
sand, with much less scabbing tendency, has a hot 
strength of 136.5 psi. All other sands have a hot 
strength of 98 psi or less and did not scab. 

The scab defect does not appear to be affected no- 
ticeably by the metal pouring temperature for the 
sands tested. 

Additional work is in progress to determine defi- 
nitely whether or not these findings will hold true fon 
a wide range of sands and casting conditions. 

The information contained herein for the elimina- 
tion of scab defects by controlling green deformation, 
dry strength and hot compressive strength at 500 F 
should be of immediate value to the foundryman. Any 
information concerning the application of these find- 
ings in the foundry will be welcomed by the Com- 
mittee. 

Summary of Progress 

The preliminary work of the Committee (carried 
out April 14 and 15, 1948 at the University of Michi- 
gan) indicates the possibility that laboratory tests can 
be used to predict the scabbing tendency of sands. 
The dry compressive strength, hot compressive 
strength at 500 F and the maximum strain value of 
green compression specimens are tests whose data has 


shown promise of correlation with the presence o1 
absence of the scab defect on castings produced in 
the laboratory. 


Appendix | 


A common belief is that gas pressure blows off a 
layer of sand to cause a scab. In order to throw some 
light on the correctness of this theory, gas pressure 
readings were made on the six sands used in the scab 
defect research. 

The gas pressure test 1* was made on a sand speci- 
men 114 in. in diameter and 3-in. in length. The 
sand is rammed around a |4-in. O.D. tube. The sand 
specimen is immersed in molten lead at 1200 F with 
l4-in. of upper end of sand specimen above the lead 
bath. 

A sensitive pressure gage is attached to the tube ex- 
tending out of the sand specimen. 

The pressure readings obtained for the six sands are 
tabulated below. 

Sand No. l 2 3 4 5 6 
Inches of water pressure 24 62 110 148 12.4 18 

The sands No. 2 and No. 4 which produced scabs 
have a gas pressure reading of 6.2 and 14.8 in. of 
water. Sands producing good castings had gas pressure 
of 11.0, 12.4 and 18. The gas pressure test data and 
scab tendency of the sand does not show any correla- 
tion for this limited number of sands. The No. | sand 
which allows metal penetration has a gas pressure of 
2.4 in. of water. 


Appendix 2 


Yield Strength, Yield Deformation and Yield Sand 
Toughness Number—Molding sands have a definite 
pattern of behavior when loaded in compression. 
Through the use of a strength deformation recorder, 
Fig. 9, a rate of deformation is drawn on a chart as the 
compressive load on the sand is increased. A diagram 
of this kind is termed a stress-strain diagram. Fig. 5 
and 9. 

From a stress-strain diagram one may determine 


*H. W. Dietert, R. L. Doelman and R. W. Bennett, “Mold 
Surface Gas Pressure,” TRANSACTIONS, American Foundrymen’s 


Society, vol. 52, pp. 733-749 (1944) . 
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some additional information of molding sands. 

When a sand specimen is loaded in compression the 
test specimen begins to deform, that is shorten in 
length. The amount that it deforms is proportional 
to the load applied up to a yield load beyond which 
the deformation accelerates. 

When the deformation is proportional to the load, 
the stress-strain diagram is a straight line. A straight 
line is drawn along the stress-strain diagram. The 
point where the diagram departs from the straight 
line, determines the yield strength and yield deforma- 
tion (see Fig. 9). 

A molding sand will not satisfactorily support any 
compressive load beyond the yield load. Thus the 
useful load carrying power is below the yield strength. 

The yield strength for different sands is not neces- 
sarily the same percentage of the ultimate strength. 
Thus in research the yield strength should receive 
careful consideration when comparing the strengths 
of sands. 

The ultimate strength is the maximum load in psi. 
that the sand specimen will support. At this point of 
the diagram, refer to Fig. 9, one can fix a point which 
represents the ultimate deformation. 

The ultimate strength is commonly used for sand 
control where one is working mainly with a fixed 
group of sands and it is assumed that any change in 
the yield strength will be shown by the ultimate 
strength readings for a given sand. 

Either the yield or ultimate deformation gives one 
an index of the plasticity of a sand. 

The sand toughness number is the product of psi 
strength reading and deformation inches per inch mul- 
tiplied by 1000. This number is indicative of the 
amount of work required to break a sand or reach its 
yield strength point, depending on whether one used 
the strength reading and deformation at the ultimate 
or yield strength. 

The rate at which a sand deforms may be expressed 
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by the angle in degrees between the vertical axis and 
the stress-strain diagram, “A” Fig. 9. 


Committee Personnel 


Members of the A.F.S. Committee on Physical Prop- 
erties of Iron Molding Materials at Elevated Tempera- 
tures which sponsored this experimental work on 
“Scabbing Tendencies of Molding Sands” are as fol- 
lows: 


G. F. Watson, Chairman 
Victor Rowell, Vice-Chairman 
W. A. Spindler, Secretary 


John Grennan 
H. J. Jameson 
Henri Louette 


R. W. Bennett R. W. Mason 
H. W. Dietert E. W. Olsen 
R. L. Doelman C. S. Parsons 
H. H. Fairfield E. Passman 
J. A. Gitzen F. B. Rote 
Harry Gravlin W. N. Seese 
E. C. Zirzow 
DISCUSSION 


Chairman: J. A, RAssenross, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman: H. K SAtzperc, The Borden Co., Bainbridge, 
N.Y. 

J. B. Caine:* We must define the term “scab” more precisely 
than we have in the past. It is necessary to know whether the 
scab is on the cope or drag, whether it is near the gate, whether 
it is at the point where the metal is flowing discontinuously 
over the surface. If a scab-like defect is at the gate, the mechan- 
ism of that defect is entirely different than if the defect is on 
the cope, and is again entirely different than if the defect is on 
a flat surface where the metal is running discontinuously over 
the surface. To me, the mechanisms of these types are entirely 
different and unless we can and do distinguish them, I think 
we are going to create utter confusion in our thought regarding 
this defect. 

Mr. Watson: In ANALysis OF CAsTING Derects, published 
by A.F.S. we have two types of scabbing, an erosion scab and an 
expansion scab. They may be the same thing; they may be 
different. I do not know. On this particular casting, all the 
scabs were on the drag surface at the reentrant angle. In other 
words, at the junction of the three sections. They were in the 
direct line of the gates. However they were not on the surface 
where the metal impinged; they were on a surface over which 
the metal flowed. We have not tested the effect of gating yet 
upon the scabbing effect. That work will be done in the neat 
future. 

H. W. Diererr:? The type of scab referred to is shown in Fig. 
1. The type of scab the Committee was asked to study was 
one where the surface of the mold was either pushed off or was 
pulled off and part of the sand came down into the mold and 
the metal ran behind the sand. It certainly cannot be called an 
erosion scab. We selected this one kind of peel-off scab illus- 
trated in Fig. 1. 

R. H. Jacosy:* I think Mr. Caine raised a good point. It is 
rather difficult to define a scab in the average foundry. My ex- 
periences are primarily concerned with our own shop. We find 
that we can get what resembles a scabbing phenomenon, not 
exactly as Mr. Dietert defined it, but brought about by condi- 
tions of pouring. Just get the metal on cope core sections and 
allow it to run off before the metal rising from the drag reaches 
this level and see what happens. You will have cope core scabs. 
Let the metal run away from your mold surface as you are 
pouring, i.e., interrupting your pour, and you will have scabs. 
You can pin those all down. Pouring is a very important prob- 
lem. It is not given enough thought in the elimination of a 
defect which so far we still term scabbing. 

CHAIRMAN RaAssenross: A great part of the confusion concern 
ing scabbing is that foundrymen are prone to label any positive 
defect on the surface of a casting a scab. 

A statement is made in the paper that “A study of these 
data reveals that castings No. 2 and 4 with scab defects were 
made in sands possessing the highest green deformation, the 


1 Metaliurgist, The Sawbrook Steel Castings Co., Lockland, Ohio 
2 President, Harry W. Dietert Co., Detroit 
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highest dry compressive strength, and the highest compressive 
strength at 500 F.” Is that not a seeming contradiction? For in- 
stance, in the steel foundry we can increase deformation and 
dry compressive strength with the addition of corn flour, dex- 
trines or other corn products, and we go in the direction of 
eliminating scabs rather than getting them. Do you think per- 
haps the Committee’s conclusions should be confined to iron 
foundry sands, or do you have a possible explanation for the 
apparent contradiction? 

Mr. Watson: I would conclude that this was valid only for 
those six sands we tested. I know that with the steel sand you 
go up to 30 and 35 per cent deformation with cereals and ben- 
tonites. But how those will work into our sands, we do not 
know. We did have one sand, the No. 1 sand, which was simi- 
lar to a steel sand, but it did not have the high cereal content. 
That certainly should be one of the things that we would want 
to study. 

In our foundry, I recognize two types of scabs. One of them 
I call a spalling scab, which is similar to the way a brick acts 
when it spalls at high temperature. Then we find those spots 
usually on the cope surfaces; they are usually spalled off and 
then exploded some place else and you cannot even find them. 

Another type of defect is the one that I associate with a 
buckle, in which the buckle has developed into a scab. Those 
may or may not have sand underneath them. Usually, if they 
have the sand underneath, they will not flow somewhere else. 
If the sand is not there, it will have flowed elsewhere. My attack 
to cure those is usually the same in both cases, the use of wood 
flours. 

We have never found in our plant that pouring time makes 
any difference. It makes little difference as to how fast or how 
slow you pour. You get scabs if the sand is a scabbing sand. 

Mr. Caine: When Mr. Watson said the pouring time had no 
effect on spalling or scabbing, he contradicted my experience 


% Chief Metallurgist, Key Co., East St. Louis, Ill. 
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because we have definitely associated pouring time with cop 
spalling. If we are talking about scabs and somebody sa\ 
something that you do not agree with ask him to define tl 
type of scab he is talking about. He may be talking about 
different kind of scab than you are and the curves are in mai 
cases diametrically opposed. 

Mr. Dietert: In reference to the quotation Mr. Rassenfos 
made from the paper, some of the recent work of the Committ 
has shown that green deformation has taken a position of lesse 
importance. In succeeding reports, green deformation may no 
be as strong an index as it is in this report. So in the futw 
reports, green deformation will not be an infallible test index 
It is just indicative and something to be watched. 

T. W. Curry:* Suppose in working with these sands that you 
would work with the toughness number instead of the green 
deformation, if the hot strength is above the 90 Ib at 1500 IT? 
You could readily adjust hot strength with the low compressive 
strengths and a reasonably high deformation. 

Mr. Drerert: We found the sand toughness number, unfoi 
tunately, failed several times in the more recent test data that 
we have collected on about 12 additional sands from the six 
that we have now. Just why it failed, we do not know, but it 
was not infallible. 

H. W. Meyer:® It makes little difference whether you have 
high or low deformation, or high or low flowability. You must 
determine the basic characteristics of your sand, and the effect 
the various ingredients, that are being used, have on the sand 
in your foundry. After you have determined these characteristics, 
select the proper materials and bond the sand to meet your 
shop conditions. Two entirely different materials may give 
same deformation or flowability values, one may cause scabbing 
while the other will not. 

* Metallurgist, Lynchburg Foundry Co., Lynchburg, Va. 
5 Sand Research & Processing, General Steel Castings Corp., Granite City, 


Ill. 
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DESIGN LIGHT METAL CASTINGS 


Responsibilities of Metal Producers, Foundries, and Designers 


George H. Found* 


ONE OF THE IMPORTANT RESPONSIBILITIES of all 
who are engaged in the engineering considerations or 
in the supply of aluminum or magnesium foundry 
products is to recognize the principle on which the 
majority of light metals usages is predicated and to 
see that all operations and practices in designing and 
creating the foundry product conform to this princi- 
ple. This principle upon which the use of light alloy 
castings has been established is the desire to obtain 
maximum structural efficiency, that is, maximum per- 
formance with minimum weight, and for a cost lower 
than this improved performance could be obtained by 
any other means. 

It is quite evident that merely using the light alloys 
without close attention to obtaining the fullest struc- 
tural efficiency possible may not be adequate to bring 
about any improvement in structural efficiency over 
designs in the heavier metals. Indeed, it may even 
result in a step backward to lower structural efficiency 
or malfunctioning of a part formerly satisfactory in a 
heavier metal. A large market is developing for light 
metal castings where they qualify for certain uses 
solely on the basis of lowest cost. For this type of use, 
structural efficiency is not of paramount concern but, 
nevertheless, is imjortant for obtaining minimum cast- 
ing cost. 

It is the responsibility of the Design and Stress Anal- 
ysis Committee of the Aluminum and Magnesium 
Division of A.F.S. to recognize and assist in remedying 
the problems concerned with achieving maximum 
structural efficiency from magnesium and aluminum 
foundry products. To this end, the committee is pro- 
moting activities devoted to providing information 
about the relationship between design, choice of ma- 
terials, their laboratory properties and _ serviceability. 


Service Data Needed 


Extensive information about stress analysis tech- 
niques, metal strength data, and the effect of foundry 
variables on metal strength and serviceability are 
necessary for understanding this relationship. ‘Inter- 
relating these subjects will clarify the respective respon- 
sibilities of the foundrymen, designers, and foundry 
products users, and will lead to a fuller appreciation 
of light metal foundry products. 

Although the problems with respect to designing in 
either aluminum and magnesium are somewhat simi- 
lar, the analysis of the general design problem and the 
assistance available for solving it will be reviewed here 
with special attentiédn to magnesium casting alloys. 

Two reasons account for singling out magnesium. 


* Manager, Product Development, Magnesium Div., The Dow 
Chemical Co., Midland, Mich. 
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Aluminum foundry products have enjoyed longer and 
more diversified field service than have magnesium 
products. Accordingly, successful aluminum design 
practices have been evolved in larger part from service 
experience than has been possible for magnesium. 
Magnesium casting design, on the other hand, must 
depend more on information acquired by analytical 
laboratory work of a type which must be comple- 
mented with stress analysis and forecasting studies. 

In this regard, then, more specialized designing 
techniques and the analyses of the effects of foundry 
variables are necessary for magnesium. These same 
techniques, it should be noted, will assist also in design 
problems in other metals. The second reason for spe- 
cial reference to magnesium is the closer familiarity 
of the writer with the magnesium rather than the 
aluminum industry. 

Thanks in large part to the efforts of magnesium 
foundrymen throughout the country, we are now in a 
particularly favorable position to supply complete and 
precise design information for designers and users ot 
magnesium foundry products. In order to present 
this information more effectively, however, it is neces- 
sary to outline specifically what the general design 
problem is in this connection and then to review what 
has been done about it. 


Designers’ Problems 


When light alloy castings are to be used, the de- 
signer must either start with a completely new design, 
as is usually the case for aircraft components, or on 
the basis of the previous design in another metal for 
which the light alloy casting is to be substituted. The 
latter is frequently the case for commercial uses. The 
stepwise procedure followed for either approach is 
outlined in Table 1. 

These procedures preclude the use of the ordinary 
cut-and-try methods since such methods offer little 
chance of arriving in a short time at a design of high 
structural efficiency which even approximates that 
evolved by the procedure outlined in Table | and to 
be described in this paper. Cut-and-try methods are 
becoming obsolete in proportion as the demands for 
higher structural efficiency become more intense, and 
as the facilities for stress analysis and the availability 
of metal strength data for use in predicting service 
improve. 

Structural uses for which the designer must develop 
a new design usually involve complex design require- 
ments where loading and other experiences defy pre- 
dictability. In this case the prototype casting is made 
based on matching theoretical loading requirements 
against the known safe static, fatigue, impact, and 
creep strength property values given for the metal. 
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TABLE I — DESIGN PROCEDURES 





I. Developing a New Design—Sequence of Steps for Establishing 
Final Design 
(a) Theoretical determination of loads 
(b) Matching above loads against known metal strength 
information to establish initial design 
(c) Creation of prototype casting 
(d) Static and dynamic experimental stress analysis during 
service or simulated service loading 
(e) Matching results of stress analysis against known metal 
strength information to establish final design 
(f) Creation of casting to final design 
(g) Final proof testing 








Il. Developing a Substitution Design—Sequence of Steps for 
Establishing Final Design 
(a) Assumption that design in former metal is adequate— 
or revisions to allow for structural inadequacies o1 
changes in fabrication procedure 
(b) Matching sections of previous metal with proposed light 
metal designs, taking into account known metal strength 
information for both previous metal and proposed light 
metal to establish initial design 





These steps may eventually be 
(c) Same as (c) above excluded when experience with 
(d) Same as (d) above the procedure in (a) and (b) is 
(e) Same as (e) above { perfected and when strength data 
(f) Same as (f) above in (b) become adequate for fore- 
(g) Same as (g) above casting serviceability for all struc- 
tural metals. 








Here we are immediately confronted with two prob- 
lems. The first is the inadequacy of the method of 
theoretical prediction of service loading requirements. 
The accuracy of theoretical design analysis for pre- 
dicting service conditions in castings where compli- 
cated loading is involved is inadequate because such 
calculations usually must be predicted on simple static 
loading, and do not properly consider complex dy- 
namic loading, fatigue and impact problems and 
stress concentrations that may be critical regardless of 
the thickness of wall sections, or other design details 
in the immediate proximity of the stress raisers. Theo- 
retical calculations, consequently, serve only as a start- 
ing point in the design project. 

The second problem is the scarcity of complete 
strength properties, particularly fatigue, impact, and 
creep, and instructions for predicting serviceability 
from these for the various metals considered. The only 
strength data that can be used are those which involve, 
to the proper degree, the foundry and other practical 
variables that are likely to be present. 

These variables include the effects of porosity, grain 
size, perfection of heat treatment, surface smoothness 
(as cast surfaces vs. machined surfaces) and stress con- 
centration. If these data are available and experience 
has been obtained to demonstrate how the data can be 
used directly for design purposes, the data can be used 
with confidence, thus enabling the first design to be 
established as closely as the accuracy of the theoretical 
calculations allow. 


Developing a Substitution Design 


In the case where aluminum or magnesium castings 
are to be substituted for castings of other materials, 
the necessity for complete strength data again becomes 
apparent. Although it is often advisable to develop a 
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new design from the beginning, predicated on lig}: 
metal practices, an alternative starting point for cc- 
signing in this case is to use the design in the met.i| 
previously employed. If it is assumed that the period 
of service use of the part in the previous metal re- 
sulted in the evolution of a successful design in tlie 
previous material, the problem is then simplified for 
the designer. 

In this case, he must merely substitute magnesium 01 
aluminum, taking into consideration the respective 
strength properties of the previous and the proposed 
new metal. Essential for this procedure is complete 
strength information for the previously used material. 
This, however, is not nearly as complete as the infor- 
mation available describing the light metals and fre- 
quently becomes another problem in simple substitu- 
tion techniques. 

If it is known that the part to be substituted in light 
metal alloys is not adequately designed, alterations 
can be planned at this time based on the previous 
service information on the part. Frequently certain 
features of the previous design were necessary to en- 
able given fabrication methods to be employed. Such 
would be the case where pressed or formed steel parts 
are involved. , 

When a casting is designed to replace a formed steel 
part, sections should be changed to accommodate the 
casting process. Certain section thicknesses and design 
details were incorporated in the previous design only 
to facilitate forming and should be identified and 
altered to favor the casting process and structural eff- 
ciency requirements. 

After the initial design is established based on theo- 
retical load calculations or material substitution cri- 
teria involving accurate material strength data, an 
initial casting is made. The efficiency of this first de- 
sign is then evaluated by experimental stress checks. 
Metal strength data, if available and sufficiently ex- 


Fig. 1—Plate bending fatigue, magnesium alloy sand 
castings, 10° cycles. Consolidated information expressed 
in bands for machined and cast surfaces of commer- 
cial magnesium alloys under alternating bending loads. 
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Fig. 2—Plate bending fatigue, magnesium alloy sand 
castings, 10° cycles (see Fig. 1). 


tensive, are again used for comparison with stresses 
measured in the experimental stress analysis. 

On the basis of this comparison, superfluous metal 
can be removed where working stresses are judged to 
be far below the critical strength values for the metal, 
or metal added where stresses are above or too close 
to the critical strength values. A new, and perhaps 
final, casting design is then made. 


Useful Design Data for Castings Necessary 


In these design operations, whether for a completely 
new design or material substitution project, complete 
quantitatively useful static, fatigue, impact, and creep 
strength information about the metals concerned is 
necessary. 

Despite the abundance of tables describing the 
strength properties of metals, there is an acute shortage 
of data directly useful to designers for describing metal 
strength under variations in loading, design and cast- 
ing quality. This is explainable since it is only recently 
that design analysis methods have become sufficiently 
accurate to require precise descriptions of how ma- 
terials would behave under these various conditions. 

Some designers such as W. T. Bean, Jr.1 and Young 
and Slachta? have used strength property information 
obtained mainly from their own experiences with 
castings, plus a limited additional amount of informa- 
tion supplied by the basic metal industries. These data 
have been incomplete and the validity of using these 
values directly in design problems has usually been in- 
dependently justified by each designer. The resultant 
data has been incomplete and not generally available. 

We now have much more complete data determined 
by laboratory testing procedures which take into ac- 
count practical variables. How to use these data for 
direct design where a question existed regarding this 
point has been determined by service and simulated 
service tests. These data for cast magnesium alloys are 
briefly reviewed in this paper. 

As previously described, the design data required 
for castings are those which accurately define metal 
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strengths under al! conditions of loading and for all 
variables which define casting quality within the com- 
mercial range of these variables. 

The various conditions of loading include: steady 
applied loads (creep stresses), infrequent gradual appli- 
cations of load (static stresses), infrequent rapid ap- 
plications of load (impact stresses), and repeated 
applications of load (dynamic or fatigue stresses). 


Magnesium Design Data Available 


Because light metal alloys are generally used in 
moving parts, dynamic stresses have proved to be the 
most frequently critical of the types listed for deter- 
mining serviceability. Accordingly, design data for 
fatigue requirements involving (a) at the various modes 
of load application (bending and axial), (b) various 
combinations of static preload and superimposed dy- 
namic stress (since simple reversed stresses are rarely 
found), (c) various surfaces (as cast and machined), 
(d) various degrees of stress concentration, (e) porosity, 
(f) residual stress, and (g) grain size must be made 
available. 

Complete fatigue data for magnesium casting alloys 
to satisfy (a), (b), and (c) are now available. These 
data have been observed in extensive field and simu- 
lated field tests described elsewhere to be adequate for 
use as design values'. These data are summarized 
briefly in Figs. 1, 2, 3 and 4. Incomplete data show 
quantitatively the effect of stress concentrations on 
the foregoing data. 

Until these data are complete, relative notch sensi- 
tivities are indicated in fatigue data previously pub- 
lished.* These available data, it should be noted, are 
not useful as design values. These incomplete notch 
data indicate, as have all notch tests and experience, 
that the most efficient design is possible only when 
stress concentrations are excluded from the design. 

The effects of foundry variables such as porosity and 


Fig. 3—Axial fatigue, magnesium alloy sand castings, 
10° cycles. Same as Fig. 2 for axial fatigue tests. 
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Fig. 4—Magnesium alloy sand castings, axial fatigue, 
10’ cycles. Same as Fig. 2 for axial fatigue tests. 


residual stresses on fatigue properties have been de- 
scribed elsewhere*-5. Briefly, subsurface porosity has no 
observed effect on fatigue properties. Porosity which 
intersects the surface is detrimental to fatigue proper- 
ties. Residual stresses have been measured by a tech- 
nique developed for magnesium. This technique 
allows the residual stresses created by the measuring 
operation itself to be distinguished from the residual 
stresses locked in during foundry operations. 
Residual stresses in magnesium castings of commer- 
cial alloy and heat treatment are so low as to have no 
significant effect on serviceability. The effect of grain 
size on fatigue properties is shown in Fig. 5. It will be 
noted that the condition of surface finish has a greater 
influence on fatigue properties than grain size varia- 
tions with the range found in commercial castings. To 


Fig. 5—Effect of grain size on fatigue strength of heat 
treated sand cast magnesium panels. 
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the best information of the author and his associat«s 
there have been no service failures in magnesium ca,«- 
ings that could be associated with grain size. 

Data describing the static design properties aiid 
other characteristics of the cast magnesium alloys ave 
available in the literature®’. The effects of porosity 
and grain size are described**19, Design values for 
creep and impact loading also can be obtained from 
available literature™:!*. The effect of grain size on 
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Fig. 6—Effects of porosity on impact strengths of mag- 
nesium alloys. Charpy plain bar impact test. 


impact strength is known®. The effect of porosity on 
impact is shown for a number of alloys in Fig. 6. 


Summary 


Reviewing the steps necessary for attaining an effi- 
cient casting design reveals the problems facing de- 
signers and foundrymen alike in their efforts to pro- 
mote efficient design practices. 

Once these problems are recognized, it is not difh- 
cult to determine who is responsible for remedying 
them. 

It should be the responsibility of the basic metals 
industries to provide both the basic metal strength in- 
formation and a means for predicting serviceability 
from this information which takes into account prac- 
tical variables. 

The responsibilities of the designers include not 
only being able to use this information intelligently, 
but also joining with the users of castings in describing 
the needs for further property data, and being able to 
determine precisely the conditions of service, both 
theoretically and with the use of the new experimental 
stress-measuring techniques. The responsibility of the 
founders is to meet on a common ground with the de- 
signers and users and to work out the problems per- 
taining to the practical variables in conformity with 
the common understanding of their true significance 
as they affect the serviceability. 

Data of the type needed for the cast magnesium 
alloys are described and a summary of the currently 
available design data for these alloys is given. 
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DISCUSSION 


Chairman: W. T. BEAN, Jr., Consultant, Detroit 

Co-Chairman: C. E. Netson, Dow Chemical Co., Midland, 
Mich. 

CHAIRMAN BEAN: One thing about this paper that I particu- 
larly appreciate is that the scatter bands are indicated. There 
seems to be more scatter with light metals than with steel. I 
would like to ask the author if data is available on the effect of 
temperature on similar tests. In other words, can we expect 
data secured from these same test specimens but at elevated 
temperatures? 

Dr. Founn: Yes. We have quite an accumulation of data of 
this type for elevated temperatures from room temperature up 
to about 600 F. These data are in a paper by John C. McDonald, 
“Tensile, Creep and Fatigue Properties at Elevated Temperatures 
of Some Magnesium-Base Alloys” published in Proceedings, 
ASTM, vol. 48, pp. 737-754 (1948). 

H. Brown: In talking about residual stresses, the author 
stated that they must be taken into account in the making of 
aluminum castings. Do I infer from that, that you do not have 
residual stresses in the magnesium castings as-cast, or if you do, 
would the author give some degree of comparison of the residual 
stresses of magnesium and aluminum castings? How important 
is the effect? 

Dr. Founp: We had a problem during the war of determining 
the residual stress values in an aircraft wheel which had failed. 
The claim was that failure was due to residual stresses. Several 
investigators of another organization determined the residual 
stresses and found them to approach the yield point of the 
casting. Magnesium requires special considerations when it 
comes to measuring residual stresses. It is quite readily de- 
formed by saw cuts. The commonly used subdivision technique, 
which was employed in connection with the above strain gage 
measurements, developed residual stresses which contributed 
greatly to those measured. We repeated the work, using etching, 
x-ray and metallographic techniques to determine depth of 
working. As a result of these studies, we were able to develop a 
measuring procedure which segregated the original residual 
stresses from those introduced during our cutting. The maxi- 
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mum stresses measured were about 1000 psi, an insignificant 
value from a serviceability standpoint. 

We have also measured residual stresses in various cast con- 
figurations, that is, in complex castings as well as in castings of 
simple design. These stresses could be broken down into the 
differential type, which are due to one part pulling against an- 
other, and the local type, which are the stresses through the 
thickness of the casting. We found that the stresses due to one 
part pulling against another were low, the maximum being of 
the order of 1500 psi in solution heat treated and 2000 psi in 
as-cast castings. In aged castings there was seldom more than 
500 psi, which by most stress measuring techniques is practically 
impossible to measure. 

As to how magnesium compares to aluminum in this regard 
I am not well qualified to say quantitatively due to my limited 
information about aluminunis in this respect. There are residual 
stresses of considerable magnitude in many aluminum alloys. 
The explanation as to why there are no residual stresses in mag- 
nesium while there are in aluminum is believed to be related 
to the respective properties of the two metals as they are cooling 
in their molds. The magnesium alloys apparently have the abil- 
ity to relax more at the elevated temperatures than have alumi- 
num alloys. 

CHAIRMAN BEAN: I might add that in aluminum we get rid 
of any difficulty with residual stresses in engine castings by going 
over the hump of the hardness curve or over-aging. In this 
manner we end up with about the same hardness, a little in- 
crease in fatigue, and some drop in tensile strength, but we do 
secure a casting that is relatively stress-free. 

W. Martin:* I would like to pose a question about plasticity 
in alloys. These data presented as to the loads which are pos- 
sible for a member to endure undue fatigue loads are very use- 
ful. It occurs to me there are many applications where the de- 
signer does not know just what stress he is going to get in a 
certain spot. If the alloy is plastic enough and is low enough 
in proportional limit to undergo plastic deformation, the peak 
load can be reduced and distributed. It occurs to me that in a 
great many applications undergoing fatigue loads, brittle, non- 
plastic alloys stand up nicely. In other words, give the part a 
chance to unload itself due to plastic flow and permissible stresses 
will be had. 

Dr. Founp: That is an interesting subject, because we know, 
as many metal people do, that different combinations of static 
properties have an influence on the structural fatigue properties 
of castings. An example of this follows. Magnesium H-HT alloy 
has a yield slightly less than H-HTS which is an approximation 
of an aged-type alloy. The H-HT also has a slightly higher 
ductility. We were quite interested in determining what the 
effects of these two respective stress-strain relationships were on 
fatigue. We made a stress analysis of two identical castings of 
quite complex design of H-HT and H-HTS. The castings were 
aircraft wheels. We measured stresses in the ribs of these two 
castings. The stresses developed under a given static load in the 
ribs in the one case were on the order of 4,000 psi and in the 
other case were on the order of about the yield, which was about 
12,000 psi. This difference is due apparently to the difference in 
proportional limits or yield strengths between the two condi- 
tions. Since the fatigue strengths of H-HT or H-HTS metal are 
the same and are between 4,000 and 12,000 psi for low mean 
stresses, it is evident in this case that the castings of higher 
static and yield strengths will not be as serviceable as castings 
with lower static strength properties. This effect is of greater 
importance in complex than in simple designs. 

CHAIRMAN BEAN: It has been my experience with engine cast- 
ings that ductility is not as important as residual stresses. We 
generally have sufficient ductility in engine castings to handle 
the shock and steady load encountered in service. Most engine 
components are designed to operate in the elastic range of a 
material. If this were not true we would be more concerned 
with ductility. 

In gas turbines, the light metal components have very com- 
plicated shapes and thus a lot of stress raisers are inevitable. 
The high localized stresses always exceed the yield point of the 
material but sufficient ductility is present to allow for plastic 
flow, redistribution of stresses, and work hardening. If this 
were not so, failures would be quite numerous. 

With magnesium good design is all important. I could cite 
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some examples where we have had serviceable castings in alumi- 
num but the same design in magnesium simply did not work. 
On the other hand we have turned right around and redesigned 
the casting for magnesium and secured components that were 
twice as strong as the aluminum components and about 25 per 
cent lighter. Thus a cleaner design made magnesium superior 
to aluminum. There is a lot to be gained through good design 
in the light metal alloys, but this design information also 
should be carried into bronze, high strength iron, and steel cast- 
ings. The Society is to be complimented on the pioneering 
work that is being done by the light metals group. I feel like 
the malleable iron group by applying some of these design prin- 
ciples to your own field you can achieve similar improvements 
in the strength of castings. The iron founders are throwing ton- 
nage away indiscriminately. They are wasting a tremendous 
amount of our natural resources by using excessively high safety 
factors. If they would secure fundamental information such as 
has been presented here and attack their strength problems with 
a similar fact finding program a tremendous amount of material 
would be saved. The casting process enables designers to achieve 
optimum shapes. This cannot be accomplished with any other 
fabrication process. It enables one to achieve a clean design— 
one with good stress distribution, yet one with excellent cast- 
ability. Engineers are just on the threshold of really utilizing 
the foundry technique. 

D. L. Cotweti:* I was very much intrigued by the author’s 
reference in the matter of residual stresses to the metal “relax- 
ing” in the mold. To me, that is just another way of saying 
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there are no stresses in the casting as it cools. Would you a: 
plify that a little? Just how does the metal relax? 

Dr. Founp: Stress relaxation is the reduction in stress in 
part loaded to a given constant deflection. As plastic strain tah 
place, the load decreases. In creep phenomena, on the oth 
hand, the stress is developed because of constant load. As plas: 
strain takes place in creep the load remains constant. 

In the case of castings cooling in a mold, the thermal gra 
ents generate the stresses. The stresses exceed a value abo 
which plastic strain or relaxation takes place. The stresses a 
relaxed almost from the moment at which solidification begins 
until the casting approaches a low temperature. 

In general, relaxation is a phenomenon somewhat related to 
creep taking place due to the fact that thermal stresses are « 
veloped. 

CHAIRMAN Bean: Is there something about the crystallin 
structure of magnesium that explains its high degree of relax: 
tion compared to other metals. I repeat that I have not been 
troubled with residual stresses in either of the light metals. In 
aluminum an over-age treatment removes it and in magnesium 
apparently we do not get it. 

I would like to ask this question in conclusion, what is the 
temperature effect on magnesium at 250-275 F and a mean 
stress of zero? How closely does your laboratory data compare 
with the figure of plus and minus 4500 psi? This is the maxi- 
mum value that I can utilize in magnesium engine structures. 
Your paper indicated a little higher strength but the data was 
probably for room temperature. 

Dr. Founp: Our data are in the same range at the tempera 
ture you indicate. 















In 





APPROACH TO STANDARD COSTS 
IN THE FOUNDRY 


By 


Fred Ruffolo* 


STANDARD Costs are simply predetermined costs 
which are established for material, labor, and ex- 
penses. 

When a casting order is placed today, for future 
production and shipment, reliance must be placed on 
predetermined costs. Obviously, the Foundry Industry 
has always used predetermined costs, but the predeter- 
mination was in most cases based on past experience, 
on what competition quoted, on an outright guess, or 
on some figure which suited management for some 
reason known only to management. 

However, when the costs are predetermined by the 
use of scientific methods, they are referred to as 
standard costs. 


Standard Cost System 


There are variations in standard cost application 
which fall in two general classifications, namely, 
1. Standard Costs, as distinguished from 
2. Basic Standard Cost. 
Our attention will be focused on the first class, namely 
Standard Cost. The standards under this system rep- 
resent a “quota” or “ideal” which is used as a gauge 
for measuring actual performance. Although referred 
to as “ideal,” the standards are actually set at a level 
which can be repeatedly attained with reasonable 
effort and attention. It is not the ideal in the sense 
that it represents the ultimate in attainment. 
Purpose of Standard Costs—Broadly speaking, Man- 
agement is most concerned with two principal objec- 
tives, namely, 
1. To produce economically, and 
2. To sell at a profit. 
Standards with respect to costs may be looked upon as 
the means by which the cost system is orientated 
toward the attainment of those principal objectives. 
The Standard Cost System is not beyond the reach 
of the average company. In fact, the Cost Department 
now operating under a good Job Order Cost System 
can save on clerical hours when it converts to the 
Standard Cost System. 


* Six Foundry, Inc., Fairfield, lowa 


49-62 


415 


The concept of the Standard Cost System is to flag 
excess costs or variations from standard. These will 
be discussed in order for each element of cost. Em- 
phasis will however be given to the techniques used to 
place the Cost Department in readiness to provide in- 
telligent cost analysis and to explain variations in 
operating results. 


Concept of Standard Costs 


Variance Accounting—The general principles of sys- 
tem design likewise apply to the standard cost system. 
However, the system does possess a series of Variance 
accounts which are peculiar to standard cost account- 
ing. These variance accounts represent the difference 
between the actual cost and the standard or predeter- 
mined cost. 

The concept is more readily understandable by a 
summary review of Job Order costs in an actual cost 
system as compared with the Job Order Cost in the 
Standard Cost system. 

Actual Job Order Cost System—In an actual Job 
Order Cost system, the actual costs are posted to the 
Job Order Cost Sheet as the expenses are incurred. 
Thus direct labor is posted from the daily time tickets 
to the Job Order Cost Sheet. The summation of the 
Direct Labor of all the Job Order Cost Sheets will 
equal the total labor charged to the Direct Labor or 
Work-In-Progress Account. The same principle holds 
true for Direct Materials. For purpose of illustration, 
the Job Order Cost Sheet (Fig. 1) was deliberately 
generalized to focus attention on this single principle. 

The Burden applied to each Job Order Cost Sheet 
will likewise support the total recorded in the Factory 
Burden Credit or Suspense account. 

Briefly, in an actual cost system, the Job Order Cost 
Sheets represent the subsidiary ledger of the Work-In- 
Progress account. The Ledger control accounts will 
obviously be in balance with the Job Oyrder Cost 
Sheets, since the actual costs, regardless of amount, are 
posted to each of the Job Order Cost Sheets. 

Two important observations should not be over- 
looked, namely, that 

1. The cost of a job is not known until after the 
job is completed, and that 
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2. The cost of a job when completed may differ 
from the cost of a rerun of the same job even two days 
after the original run. 


WORK - IN - PROGRESS 
COIRECT LABOR ) 





1g” 


TIME TICKETS | ‘ 
| | ' 


! 
‘ 
U 





JOB ORDER COST SHEET 


H CUSTOMER J.0. at 

i) 

i! 

"\ OEPT. + OEPT. 2 OEPT. 
\ 

\* OaTE HRS | AMT | OATE | HRS | AMT |] OATE 
\ 

\ 


\ of S \g.00 


x11 : 


Fig. 1—Schematic Flow of Costs in Actual Job Order 
Cost System. Each Job Order is charged for the actual 
Direct Labor Costs. 






Standard Job Order Cost—In the system operating 
under Standard Costs, however, the customer is 
charged at predetermined rates for material, labor, 
and burden. The distinguishing characteristics of the 
Job Order Cost Sheet are as follows: 

1. The Job Order Cost Sheet is completed from 
standards when the job is placed in production; no 
further entries are made on the cost sheet. 

2. The assigned cost of a specific job will be the 
same on a rerun regardless of the efficiency of the 
employee assigned to the job, provided of course that 
there is no change in standard rates. 

The actual costs on the books will of course differ 
with the costs recovered from the customer because of 
the use of predetermined rates on the customer’s Job 
Order Cost Sheet. Hence, any difference between the 
charge to the customer and the costs recorded on the 
books for the above cost elements must be accurately 
identified by cause, and segregated as Variances. 

These variances apply to each of the cost elements 
as follows: Labor Variances, Material Price Variance, 
Material Quantity Variance and Over-Under-Absorbed 
Burden or Burden Variance. Variance accounts must 
therefore be added to the account classification to 
which the differences will be posted. 


Labor Standards 


Management generally chooses labor as the first step 
in the standardization program, because of the bene- 
fits attainable by way of increased productivity. 

Standards with respect to labor are normally estab- 
lished by time and motion studies. Many weaknesses 
in operating methods and practices are frequently dis- 
covered and evaluated by these studies. Changes will 
often be made as the engineer proceeds with his stud- 
ies; these changes will be reflected in the labor costs 
and related expenses. 


STANDARD CosTs IN THE FOUNDR 


Obviously, contemplated changes should be co 
summated so far as practicable in order to permit th 
Cost Department to fit the system to the source mat: 
rial, for several reasons given below: 

1. The account classification must provide for vai 
ances; the choice thereof will be influenced by (a) th 
base used in setting a standard, and (b) the conversio) 
rate applied to time standards. 

2. Labor standards will also indicate the operations 
which are chargeable to the customer on a Per-Unit 
basis, and will consequently aid the cost accountant in 
distinguishing the Direct and Service departments, 01 
cost centers. 

3. It generally takes time for the routines involving 
the application of standards and timekeeping to be- 
come stabilized to the point where the labor data is 
entirely dependable. The premature calculation of 
department burden rates on inaccurate labor data is 
obviously a waste of time, and possibly dangerous. 

A review of the definition of several terms will be 
helpful at this point before discussing the account 
classification relating to labor. 


Definition of Terms 


Direct Labor Defined—Direct Labor is the time of 
the employee that can be identified with and charged 
to the customer. 

To emphasize, no labor can be treated as direct on 
the books unless it can be posted to the customer's Job 
Order Cost Sheet. Again, when the standard on an 
operation is stated as “Per Piece” the labor thereon 
is Direct Labor. 

Process Labor—Process Labor is defined as being 
that labor which is not identified with specific orders, 
but is identifiable only with a particular process or 
department, and for which the customer is charged 
on a per-pound basis rather than on a Direct Labor 
basis. In the Process Department, the labor becomes 
part of the process. 

The Melting Department is a fair example of a 
process department; the labor in the Melting Depart- 
ment is part of the conversion cost which is charge- 
able to the customer on a per-pound basis. 

Labor at Standard and Day Work Rates—When 
standards have been established for labor operations, 
Management has a right to expect that all labor costs 
on the books are at standard, and not day work. Occa- 
sionally the operator is required to do a job at his day 
rate, just because the standards department is lax or 
fails to set the standard for the job. For that reason 
Management is provided a control by a separate ac- 
counting for all work done at the operator's day rate. 

The labor account classification under this plan 
appears as follows: 

- Direct Labor—at Standard 
Direct Labor—Day Work 
Process Labor—at Standard 
Process Labor—Day Work 
Indirect Labor—at Standard 
Indirect Labor—Day Work 

Labor Variances—When a labor standard has been 
set for a specific operation, that standard fixes the 
labor cost of the job. Thus, for example, the Direct 
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Labor account will be charged only at standard re- 
gardless of the actual cost, and the excess cost will be 
assigned to some form of labor variance account which 
is descriptive of the cause of the excess. See Fig. 2. 
WORK- IN - PROGRESS 
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Fig. 2—Flow Chart of Labor Costs. If Direct Labor 

Suspense Account is used, the segregation of labor 

variances wili likewise be made when the accrued 
payroll is recorded. 


The breakdown of labor variance accounts is entire- 
ly optional with the company, and the choice must 
depend upon the conditions which it seeks to control. 
Several types of labor variances are listed below, and 
broadly classified as to Time Allowances and Rate 
Adjustments: 


Time Allowances Rate Adjustments 


Set-Up Overtime Premium 
Delay Night Premium 
First Aid *Make-Up 


Make-Work 
Committee Meetings 
* Plus Standard 


*Training Loss 
*Rate Variance 
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The asterisked accounts are variances which are ob- 
tainable only when labor is standardized. 

The balance of the accounts can be used in an 
actual cost system. However, the dependability of the 
values obtained in an actual cost system is question- 
able, except for Overtime Premium and Night Pre- 
mium. For example, an operator on day rate has no 
inducement to accurately report his delay time. Con- 
sequently Direct Labor costs in an actual cost system 
may include considerable delay time. This has been 
found in cases to reach well above 20 per cent. How- 
ever, when a labor standard has been assigned to the 
operation together with wage incentive, the operator 
is paid for delays in addition to his piece work earn- 
ings, and will consequently faithfully report his delays. 


Material Standards 


Standards, with respect to materials, apply to both 
price and quantity. 

Material Price Variance—Under the Standard Cost 
system, the customer is charged a predetermined rate 
per pound for materials, according to the analysis 
required. See Fig. 3. 

However, the actual purchases of materials may be 
at varying rates depending on market conditions. The 
cost of materials per books and the cost of materials 
as charged to the customer on the Job Order Cost 
Sheet may thus differ because of difference in prices. 
This element of difference is called a Price Variance, 
and must be removed from the material account on 
the books to bring it into agreement with the material 
account on the Job Order Cost Sheet. 

Material Price Variance may be handled in either 
of two ways: 
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Fig. 3—Flow Chart of Material Costs. If Direct Mate- 
rials Suspense Account is used the segregation of 
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variances will likewise be made when relieving the 
Inventories. 














418 


Alternative 1—Charge Inventory at standard when 
the materials are purchased. The advantage of this 
method is that the Material Inventory Cards can 
show quantities only. Values are not necessary, since 
the standard price is known. Clerical work in the 
Material Control Department can thus be largely re- 
duced in maintaining perpetual inventories. 

Alternative 2—Charge Inventory at cost when the 
materials are purchased, and Write-off the Price Vari- 
ance when materials are used. 
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For the foundry, the alternative of charging the 
inventory at cost seems preferable in view of the fol- 
lowing advantages obtainable by this practice: 

1. The material usage is obtained from the monthly 
recap of the consumption reports, thus the price vari- 
ance is obtainable by a single summary computation. 

2. The material inventory will always be stated at 
cost, which is preferred by some companies. 

3. The material price variance is written off in the 
month in which the materials are used. 

Material Quantity Variance—Standards are likewise 
set on the quantity of metal required to produce the 
customer’s casting. A separate standard must of course 
be established for each analysis. See Fig. 3. 

The Material Quantity Variance will therefore be 
the evaluated difference between the type and quan- 
tity of material which was actually used and the mate- 
rial which should have been used according to the 
standards. 

The cost of the metal actually used will appear on 
the books as withdrawals from inventory. These with- 
drawals are the quantities reported on the electric fur- 
nace and cupola charge sheets. 

The metal requirement of a customer's job is meas- 
urable by the gross weight of the metal whiclt will be 
poured into the mold; this includes the casting, sprue, 
heads, gates, and risers. The customer is therefore 
charged a Rate/Lb for the metal poured, and then 
given an allowance for the returns at scrap value: 
Gross Weight (Metal Poured) Ib at $/Lb=$ 
Credit for Sprue, gates, etc. Ib at $/Lb=$ 
Net Cost of Metal Charged to Customer Tiatieade 








The Rate/Lb chargeable to the customer for metal 
should therefore include a normal allowance for oxi- 
dation and metal loss. 

The Material Usage per books will in actual prac- 
tice differ from the material usage as charged to the 
customer on the Job Order Cost Sheet. The two must 
be reconciled, and the difference segregated as a quan- 
tity variance. However, only the excess metal loss will 
be charged to the Material Quantity Variance ac- 
count, since a normal percentage metal loss was al- 
ready charged to the customer. 
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The Material Quantity Variance is taken up on 
monthly on the recap of the consumption reports, an 
the variance will be charged to the Cost of Sales se: 
tion of the account classification: 
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Expense Standards 


Expense standards are best developed after experi- 
ence data for several months has been recorded on the 
books under the new burden centers and expense 
classification. 

In general terms, the Expense Standard provides the 
measure for ascertaining the allowable expense at any 
level of production; otherwise it cannot be termed a 
standard. 

The Expense Standards may be portrayed in two 
general forms normally encountered; these are 

1. Table of Allowances at different levels of produc- 
tion for each department: 





DEPARTMENT X 




















EXPENSE CAPACITY OPERATED - IN MINUTES 
ALLOWANCES 45,360 | 50,400 | 50,904 
20% 100% 110% 120%, 
EXPENSE | A/e NO ALLOWED EXPENSES 
SUPERVISION -20 1157.40 | 1199.33 | 1203.52 




















2. The mathematical form expressed for each ex- 
pense account is as follows: 


Variable 
Fixed Rate/CM 


Supervision $780.00 $ 0.822. 








With this formula, the allowable expenses at a pro- 
duction level of 50,400 minutes are simply computed 
as the sum of the fixed and the variable allowances, 
as follows: 


Allowed 

Expenses 

Fixed $ 780.00 
Plus Variable Allowance: 

50,400 Min  $0.832/CM $19.33 

Allowed Expenses $1199.33 


The expense standard is obtained by a study of each 
expense account with the aid of the 

1. Composition and Data Sheet, and the 

2..Graph correlating the expense to its base. 

The Data Sheet is intended to provide a summary 
comparison and analysis of the individual items 
charged to the expense account, in order to aid in the 
reconstruction of the adjusted values which will be 
plotted on the graph. Observe that knowledge of de- 
tails, and judgment, cannot be divorced from the study 
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in the initial stages. Reliance should not be placed 
solely on mathematical techniques. 

The mathematical approach will however be used 
for illustrations, since it is most descriptive of the 
underlying principles involved in setting the expense 
standard. 

Variable—For illustration, the first graph is pre- 
sented as a simple correlation of the expense to direct 
labor, wherein the expense is directly proportional to 
the direct labor, and is therefore termed a Variable 
expense (Fig. 4). 
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Fig. 4—Chart of a Variable Expense; Operating Sup- 
plies vs Direct Labor Minutes. 


The base in this case is assumed to be direct labor 
minutes; the base in some cases may however be 
pounds, batches, or other units. It is for the analyst to 
ascertain the correct or approximate base whichever in 
his opinion is the practical application. 

The month to which the expense applies is identi- 
fied by the numbers | to 12 inclusive. 

Observe that at zero production, the expense is like- 
wise zero, and that as production increases, the ex- 
pense increases proportionately, since a straight line 
curve always indicates a direct proportionality. The 
standard for a direct proportionality would therefore 
appear in the table of standards as follows: 
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Fixed Expense—A fixed expense, as for example 
Depreciation, can likewise be expressed as a curve 
(Fig. 5). However, the expense will appear as the 
same amount regardless of the volume of production. 
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Fig. 5—Chart of a Fixed Expense; Depreciation vs 
Direct Labor Minutes 


The expense standard for Depreciation will appear 
as follows in the table of standards: 
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Semi-Variable Expenses—There are expenses which 
are termed Semi-Variable; they are in reality a mix- 
ture of fixed and variable elements. Some classes of 
expense unavoidably fall in the semi-variable class 
partly due to Management policy. An example is Su- 





CHART OF SEMI-VARIABLE EXPEN A 
12007 
SUPERVISION 
11004 pdm 
DIRECT LABOR MINUTES 
1000 4 
HOURLY RATES 
9004 VARIABLE $0.832/¢m 





4004 SALARIES FIXED $780.00 
300° 
200+ 


100-4 











° ’ , 
° 5 10 


15 20 25 30 35 40 45 50 55 60 

DIRECT LABOR- IN 1000 MINUTES 

Fig. 6—Chart of Semi-Variable Expense; Supervision 
vs Direct Labor Minutes. 





420 


pervision, where some supervisors may be paid by 
monthly salary regardless of production levels, while 
others may be paid on an hourly rate. 

The fixed element of the expense is represented by 
the band below the horizontal line B (Fig. 6), whereas 
the part of the expense which is directly proportional 
to production is represented by the sloping curve A. 

The expense standard appears as follows in the 
department table of standards: 











a ™ mx + a 
VARIABLE 
FIXEO RATE /gmM 
SUPERVISION $ 780.00 $ 0.832 














Standard Department Burden Rate 


Standards with respect to the department burden 
appear as the 

1. Expense Standards, and the 

2. Standard Department Burden Rate. 

The Standard Burden of the Department at its 
Normal Capacity represents the summation of all the 
expense standards applied at the production level 
which is chosen:as the Normal. 

For example, the cost of Supervision at the Normal 
Capacity of 50,400 man-minutes would be shown as 
follows: 











a ™m mx + a 
VARIABLE AT NORMAL 
FIXED RATE/€M 50,400 MIN 
SUPERVISION $780.00 $ 0.832 $1199.33 














The Standard Department Burden Rate for a direct 
department will simply be the ratio of the total ex- 
penses to the direct labor of the department at its 
Normal Capacity. This rate may be expressed as 
Dollars/Man-Minutes or multiple thereof. 

Thus in any one month, the actual burden may be 
more or less than the burden absorbed at the standard 
department burden rate. Consequently, the Unab- 
sorbed Burden is a form of variance which will be 
partly due to the varying capacity at which the plant 
operates from month to month. 

The Profit and Loss Statement at this point would 
simply provide the total amount of Unabsorbed Bur- 
den (Table 1). The analysis of the Unabsorbed Bur- 
den, by cause, can only be provided by the prepara- 
tion of Budget Statements. 

Choosing the Normal—How the Normal Capacity is 
chosen will vary with each foundry, since considera- 
tion is given to a number of factors to which each 
company reacts differently. There is good literature 
available on the steps to be taken in setting the Nor- 
mal, a few of the practices might however be men- 
tioned in passing: 

1. Use of the middle point or average of the annual 
business cycle so as to recover all costs within the 12- 
month accounting period. 

2. Hold the Normal level between 45 and 50 per 
cent of physical capacity, thus giving consideration to 
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TABLE 1—PROFIT AND Loss STATEMENT 


(With Unanalyzed Unabsorbed Burden) 








Net Sales S m2 
Cost of Sales at Standard: 
Direct Labor Xx 
Direct Material XX 
Burden XX 
Total $ xx 
STANDARD GROSS PROFIT $ xx 


Variances from Standard: 





Material Price Variance XX 
Material Quantity Variance XX 
AUnabsorbed Burden XXA 
Total $ xx 

ACTUAL Gross PROFIT $ xx 


Example when Expense Standards are not applied to explain the 
Unabsorbed Burden. 





present day over-expansion of foundry facilities result- 
ing from additions and mechanization. 

3. Choose the Normal with respect to the break- 
even point. 


Budget Statements 


Produce Economically—To produce economically, 
Management must be provided with a control of its 
expenses. The techniques used for this purpose are 


‘TABLE 2—PROFIT AND Loss STATEMENT 


(For Month Ended July 31, 1948) 





Current Standard 
Month’ Forecast Variance 


Gross SALES $100,956 §$ $ 
Less: Returns & Allowances 2,500 
Net SALES 98,456 82,000 16,456 
Standard Cost of Sales: 

Standard Material 18,000 

Standard Direct Labor 24,500 

Standard Burden 36,600 

Total Standard Cost 79,100 65,900 (13,200) 
> Strvparo Gross PROFIT 19,350 16,100 3,256 
Capacity Variance 2,243 3,840 1,597 
STANDARD GROSS PROFIT 

AT CAPACITY OPERATED 17,113 12,260 4,853 

Variances from Standard: 

Material Price Variance (400) 

Material Usage Variance 370 

Manufacturing Expense Excess 1,743 

Total Operating Variances 1,713 988 (3,725) 

AcTUAL Gross PROFIT 12,400 11,272 1,128 
Selling Expense: 

Standard 1,900 

Variance 260 

Total Selling Expense 5,160 1,390 (779) 
Administrative Expense: 

Standard 6,300 

Variance 310 

Total Administrative Expense 6,610 5,700 (910) 
Total Selling & Administrative 

Expenses 11,770 10,090 (1,680) 
NET PROFIT ON OPERATIONS $ 630 $ 1,182 $ (552) 





Note: All Figures in Table 2 are strictly hypothetical. 
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based on the expense standards for producing the 

1. Analytical Profit and Loss Statement, 

2. Analytical Statements of Manufacturing Ex- 

penses, and the 

3. Labor Control Reports. 

Summary Profit and Loss Statement (Table 2) — 
Several significant characteristics are observable with 
respect to the Profit and Loss Statement: 

1. The Standard Gross Profit is shown separately 
from the Actual Gross Profit. 

2. The summary of the Excess costs are flagged, 
which explains why the actual Gross Profit was less 
than what it should have been. These excess costs are 
represented as the Material Price Variance, Material 
Quantity Variance, Manufacturing Expense Variance, 
and Capacity Variance. 

3. The Profit and Loss Statement is in analytical 
form to provide a direct comparison with the pro- 
jected or anticipated sales for the month. 

Summary Statement of Manufacturing Expenses 
(Table 3)—The Summary Statement of Manufactur- 
ing Expenses is simply the summation of the actual 
and the allowable expenses for the entire plant. 


TABLE 3—SUMMARY OF MANUFACTURING EXPENSES 


(For Month Ended July 31, 1948) 





Current 








Month Budget Variance 
Direct Labor—@ Standard $ 20,500 $ $ 
Indirect Labor—@ Standard 1,100 | 2.240 620 
Indirect Labor—@ Day Rate 1,760 { 
Labor Variances: 
Delay 420 0 120 
Set-up 310 240 70 
Plus Standard 1,200 400 800 
Make-up 1,790 $20 1,470 
Overtime Premium 400 208 192 
Make-Work ; 291 0 291 
Social Security Taxes 590 567 23 
Compensation & Liability Insurance — 1,750 1,670 80 
Employee Committee Meetings 70 50 20 
Gas 1,640 1,540 100 
Electric Power 5.300 5,100 200 
Operating Supplies 15,234 15,270 (36) 
Semi-Variable & Fixed Expenses 
Supervision Salaries & Wages 3,800 3,887 (87) 
Clerical Salaries 1,200 1,200 0 
Maintenance Labor 2,200 1,720 480 
Maintenance Material 1,400 1,300 100 
Depreciation 2,400 2,400 0 
Property Taxes & Insurance 731 731 0 
TOTAL $ 43,586 $ 38,843 $ 4,743 


Standard Burden to Work-In-Process 36,600 36,600 


$ 6986 $ 2243 $4,743@ 
2,243 @& 


Fotal Unabsorbed Burden (per above) $ 6,986 


UNABSORBED BURDEN 


CAPACITY VARIANCE 


Note: All Figures in Table 3 are strictly hypothetical. 





It will be observed that the Unabsorbed Burden is 
analyzed on the face of the statement, and appears in 
the Summary Profit and Loss Statement as due to 
Manufacturing Expense Excess, and to Capacity Vari- 
ance. 

Manufacturing Expense Statement for Department 
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X (Table 4)—The Statement of Manufacturing Ex- 
pense is likewise prepared for each department, in 
order to locate the source of excess costs as due to 
operations in the specific departments. 


TABLE 4—DEPARTMENT X BuDGET STATEMENT 
(For Month Ended July 31, 1948) 





Expense 
Actual Budget Excess 
Direct Labor—@ Standard ike sable ; 
(Man-Hours) 4,000 
Indirect Labor—@ Standard $ 600 $ 600 $ 0 
Labor Variances 
“Delay SS 380 0 380 
Set-up 72 68 4 
Overtime Premium 110 0 110 
Social Security Taxes 237 225 12 
Compensation & Liability Insurance 59 57 2 
Electric Power 210 200 10 
Operating Supplies 3,300 3,712 188 
Semi-Variable & Fixed 
Supervision 180 180 0 
Maintenance Labor 310 270 40 
Maintenance Material 82 110 (28) 
Depreciation 263 263 
Property Taxes & Insurance 101 101 0 


$ 6,204 $ 5486 $ 718 
Standard Burden to Work-In-Progress 
4000 M-H @ $1.25/M-H = 5,000 5,000 
UNABSORBED BURDEN S$ 1,204 §$ 486 $ 718 
OPERATING EFFICIENCY < 
Earned Man-Hours 4,000 
Man-Hours Worked 3,000 


1,000 @ $1.25/M-H = (1250) (1250) 
Capacity VARIANCE $ 1,736 $ 1,736 
Unabsorbed Burden (per above) $1,204 





Norte: All Figures in Table 4 are strictly hypothetical. 
For illustrative purposes apportionments were omitted. 





The Unabsorbed Burden for Department X can 
likewise be analyzed by an evaluation of the con- 
tributing factors. These are shown on the statement 
as follows: 


Manufacturing Expense Excess $ 718 
Operating Efficiency (credit) (1,250) 
Capacity Variance 1,736 
Total Unabsorbed Burden $ 1,204 


Observe that “Operating Efficiency” was deliber- 
ately added to this statement in order to exemplify an 
optional analytical technique which is practiced by 
some accountants. 


Manufacturing Expense Excess-The Manufactur- 
ing Expense Excess is the difference between the 
actual expenses during the month, and the budget 
allowances which were computed by applying the ex- 
pense standards to production at which the depart- 
ment operated. The responsibility for the excesses is 
assignable to the department supervisor who is called 
upon to explain unusual variations. 

One outstanding observation must be made at this 
point. The results of the operations for the current 
month were determined solely by the comparison of 
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the actual expenses with standard. In other words, the 
comparison was made between what was spent with 
what should have been spent, in order to find out 
where the weakness lies. Thus the standards serve as 
the “‘yard-stick” for measuring the departmental per- 
formance in its attempt to produce economically. 

Observe also that the operations of each month are 
independently appraised; there is no need for com- 
paring the current month with the previous month 
as is the general practice in the absence of standards. 

Operating Efficiency—Operating Efficiency as here 
used is simply the burden absorbed by labor because 
of its performance above standard. Thus if the group 
performance in a Direct department were 125 per 
cent, the burden absorbed by the department will 
have likewise increased 25 per cent above the ex- 
pectation according to standards, since the burden 
rate is applied to the Direct Labor in the department. 

Operating Efficiency is a form of Capacity Variance 
and is not always separately shown by accountants. 

Capacity Variance—The Capacity Variance is the 
dollar value of the effect of operating the department 
below or above the normal level at which the depart- 
ment burden rate was established. 

As previously stated, the Capacity Variance is in 
reality created by the Fixed element of cost which does 
not vary with production. The effect of the Fixed 
Costs may be visualized by the area separated by the 
diagonal line C (Fig. 7). 
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Fig. 7—Example of Absorption of Fixed Expenses at 
Varying Levels of Production. 


The standard department burden rate was set at 
$11.00/100 man-minutes to recover all expenses at the 
normal capacity of 90,000 man-minutes. The rate is 
therefore composed of both fixed and variable allow- 
ances as follows: 





Rate/CM 
Fixed Expenses $ 2.00 
Variable Expenses 9.00 
Total Rate $11.00 


Thus at the production level of 50,000 man-minutes, 
the unabsorbed burden will be $800 as follows: 








STANDARD Costs IN THE FOUNDR 


Absorbed Actual Unabsorb 


Fixed 50,000 x $2.00/CM $1,000 = $1,800 ~— $800 


Variable 50,000 x $9.00/CM 4,500 4,500 0 


Total $5,500 $6,300 $ 800 





Stand-By Expense Standards—The Expense Stan 
ards are still useful to the cost department even thoug 
budget statements are not issued monthly. They ai 
at least available to provide an intelligent and quic 
analysis in event of a sudden deterioration of opera 
ing results. In the meantime the company can satis! \ 
itself with simply a statement of the unabsorbed bu: 
den provided it remains within acceptable limits. 


Specific Job Costs 


Sell at a Profit—To sell at a profit, Management 


must be provided with dependable data to estimate 


the job when quoting a customer, and to compare the 
estimate with the job order cost when the job is run. 
The two functions are served by the Estimate Sheet, 
and the Job Order Cost Sheet. 

The Job Order Cost Sheet is simply intended to 
ascertain the cost of a specific job when processed for 
production. The form varies with different companies 
as will be observed by the review of several examples 
(Fig. 8 and 9). Each form is nevertheless expressive 
of the conditions and objectives influencing the design 
of the Standard Cost system. Several of the conditions 
are briefly outlined as follows: 

1. The extent of the standardization program, 

2. The choice of burden centers, 

3. Whether the Job Order Cost Sheet will be used 
to evaluate the Work-In-Progress and the Cost of 
Sales, and 

4. Whether the company wants to retain the iden- 
tity of material, labor, and burden in its statement of 
Cost of Sales. 

Although the forms differ with various companies, 
some of them do have a common characteristic which 
may be readily identified as the attempted arrange- 
ment of the elements of costs somewhat in order of 


MATERIAL BURDEN TOTAL COST 
AMOUNT RATE AMOUNT 7 cwr 


MOLDING 


CLEANING 


Fig. 9—Schematic of Cost Sheet with preprinted Oper- 
ations. Portions of the form were deleted. It is only 
an example and not intended as a recommendation. 
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CUSTOMER 


IDENTIFICATION DATA: 


PATTERN, CORE BOXES, 
ORYERS, FLASKS, ETC. 


OPERATION 


Fig. 8—Schematic of Cost Sheet which embodies Oper- 
ation List. The form was impersonalized by deleting 


process, so that the cost sheet nearly resembles an 
Operation List. 

The Job Order Cost Sheet under the standard cost 
system represents specific job costs as distinguished 
from varying degrees of average costs. 

During the war many plants went into mass produc- 
tion on some jobs they had previously been running 
on a small job lot scale. They suddenly realized their 
end-of-month profit had disappeared, and after several 
months of research and speculation the truth was still 
delusive. What actually happened was that all the 
jobs at the time were so balanced in relative quantities 
that an overall profit ‘was obtainable, even though 
some jobs were actually selling at a loss. When the 
foundry disturbed its balance by running mass pro- 
duction on the unprofitable jobs, the monthly profit 
naturally disappeared. 

The foundry that mechanized its production by in- 
stalling a conveyor unit without a knowledge of spe- 
cific job costs has experienced the same situation when 
unprofitable jobs were suddenly transferred to the 
mechanical unit-at an accelerated rate of production. 
The unprofitable jobs were not noticeable when oper- 
ated on the side floors at relatively low volume, but 
the monthly profit practically disappeared when these 
loss jobs were transferred to the conveyor unit. Again, 
the profitable balance was disturbed. 

To the foundry which is operating at a profit, spe- 
cific job costs under the standard cost system provides 
the insurance against eventualities which many have 
already experienced. 

To the foundry which suddenly finds itself in an 
unprofitable position, specific job costs represents the 
first step in the analysis of the causes contributing to 
its losses. 

It is no stretch of imagination to conclude that an 
accurate knowledge of specific job costs should be of 
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PIECES 


RATE LABOR CUMULATEC 
MIN cost cost 


portion thereof. It is only an example and not in- 
tended as a recommendation. 


interest to all foundries regardless of its financial suc- 
cess. 


Estimating 


Estimate Sheet—Thus far we have seen where the 
Expense Standards led into Budgetary Control and 
thereby provided an instrument for Management's 
first objective, namely “to produce economically.” 

The same standards are used to obtain Manage- 
ment’s second main objective, “to sell at a profit.” 
However, to sell today for production and delivery 
next month, the foundry must know what its costs will 
be next month. 

The elements of selling price are material, labor, 
burden, and mark-up. If each of the elements are at 
standard, the profit is likewise a standard mark-up. 
And when standard cost and mark-up are applied to 
each specific job, Management is assured of selling at 
a profit. 

The Estimate Sheet is a form on which the cost of 
a specific job may be computed for quoting the cus- 
tomer. 

The form is essentially the same as the Job Order 
Cost Sheet, excepting that combinations may be made 
in order to facilitate rapid estimating. 

On the Job Order Cost Sheet, the operations are in 
order of process for the company which evaluates its 
Work-In-Process as the accumulated cost to and in- 
cluding the last operation performed on the casting. 
However, for estimating purposes, the order of opera- 
tions has no particular significance. 

Several obvious examples of combinations are listed 
below. In each case the elements of cost are assumed 
to appear on the company’s Job Cost Order Sheet as 
shown in the comparison. 

Case 1—The consolidation of process costs when 
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applied on a Per-Lb basis for Blast, Weld-Salvage, and 
Heat-Treat: 


Job Order Cost Sheet Estimate Sheet 





Blast $/Lb 
Weld-Salvage $/L»5 Process Costs $/Lb 
Heat-Treat $/Lb j 


Case 2—The consolidation of metal and process costs 
in a master chart for each metal analysis, and ex- 
presses the corresponding values according to yield: 


Job Order Cost Sheet 


Estimate Sheet 








Metal Cost $/Lb } 
ame Cost 8 | Metal and Process Costs 
as $/Lb ce . 
(Yield / $/Lb 
Weld-Salvage $/Lb | 7 0) 4 
Heat-Treat $/Lb J 


Case 3—Consolidation of elements of mark-up, when 
mark-up is applied to Foundry Cost. 


Job Order Cost Sheet Estimate Sheet 


Administrative Expense 9% 
Selling Expense 6% \ Mark-Up 24.2%, 
Profit 8% 


Aids to rapid estimating was found to be of particu- 
lar importance to some job shops. And if the estimate 
form is lengthy, the estimating department is likely to 
seek short-cuts when subjected to pressure. A gradual 
evolution of a degenerate form of estimating is not 
unlikely under those circumstances. 


Account Classification 


Choice of Options—The account classification may 
be divided into two general classes of accounts accord- 
ing to the location, namely, General Ledger Accounts, 
and Factory Ledger Accounts. 

The Factory Ledger will at least contain the depart- 
ment burden accounts. For obvious reasons, some 
companies find it convenient to carry all the inven- 
tories in the Factory Ledger. However, the treatment 
of some of the accounts is optional with the cost 
analyst. 

For purpose of illustration, the assignment of spe- 
cific accounts was made to both the Factory and the 
General Ledgers as shown in Table 5. The reasoning 
supporting the choice may be more easily followed by 
keeping this pattern in mind. 

Process Labor as Direct or Indirect—A choice must 
be made whether Process Labor is to be treated as 
Direct Labor or Indirect Labor. 

To be consistent, if Process Labor is to be treated 
as Direct Labor, it should be posted to the Direct 
Labor control account, and the cost of the labor on 
the Job Order Cost Sheet should provide separately 
for Process Labor. The cost for metal on the Job 
Order Cost Sheet would then be shown separately for 
each of the elements as follows: 


Material at Rate/Lb 
Process Labor at Rate/Lb 
Burden at Rate/Lb 


If Process Labor is treated as Indirect Labor, it will 
be classified as part of the burden and only one rate 
will be applied for the conversion cost. The cost on 
the Job Order Cost Sheet would then be shown as 
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Material at Rate/Lb 
Burden at Rate/Lb 


Observe that the same amount will be absorbed in 
either case for Process Labor and Burden, since the, 
are both expressed as a Rate/Lb. 

When Process Labor is treated as Direct Labor, i: 
can be assigned the same account number. Howeve). 
when treated as Indirect Labor, it may be assigned thx 
Indirect Labor account number, or a separate number. 

The choice of treatment of Process Labor is imma- 
terial, so far as the results are concerned, except that 
the account number assigned to Process Labor must 
be consistent with the choice of treatment. This is 
particularly true in IBM installations, since summa- 
tions are made strictly by code numbers assigned to 
the accounts. 

Labor Variances as Burden—Whether Direct Labo 
Variances are chargeable to Cost of Sales, or to the 
department burden accounts, is a question which is of 
especial interest to the foundry. 

If the Direct Labor Variance were charged direct to 
Cost of Sales in the General Ledger, it would appeai 
as a deduction from profit. However, if it were treated 
as a sub-expense account in the Factory Ledger, it 
would become part of the department burden which 
is recoverable from the customer in the department 
burden rate. 

Practice is not uniform; examples can be found of 
the use of both methods. However, the Foundry In- 


TABLE 5 





FACTORY LEDGER 
General Ledger Control 
Controllable 


GENERAL LEDGER 


Working Assets 

AProcess Labor --@ Standard 
Process Labor—Day Work Raw Material Stores 

Supplies Stores 

Finished Goods Inventories 

Work-In-Progress 


Alndirect Labor—@ Standard 
Indirect Labor—Day Work 
Operating Income & Expense 


Labor Variances 


ASet-up eeeeee 
APlus-Standard nein nen 
Beene Cee se 0's 

.. es eee eee 


Overtime Premium __..... 


Variances 





AMaterial Price Variance 
AMaterial Quantity Variance 
AOver-Under-Absorbed Burden 
A | Manufacturing Expense | 
Supplies Variance 
~ Grinding Wheels A Operating Efficiency 
Other Operating Supplies 4 Capacity Variance 


Foundry Burden 


(Factory Ledger Control) 
Foundry Burden (Credit) 


Note: (4) Represents accounts which apply specifically to Standards 
and Standard Cost Accounting 


This classification is for illustrative purposes, and is only one of several 
options available to the cost accountant. 












- =—= es 


— et 


Ww 
mM 


di 


ol 
p! 
P) 
di 
Ww 

















FRED RUFFOLO 


dustry has more than its share of variables to contend 
with, and it would be wise therefore to charge Direct 
Labor Variances to the department burden account in 
order that an allowance be made in the standard de- 
partment burden rate, depending upon the conditions 
under which the foundry operates. 


Working Assets—The Inventory accounts can be 
assigned to either the General or the Factory Ledger; 
the number apd location of the Inventory accounts is 
optional with the cost accountant. 

If all the inventories are carried in the Factory Led- 
ger sO as to minimize inter-ledger transactions, the 
Working Assets would then be represented solely by 
the Factory Ledger Control Account. The balance in 
the Factory Ledger would, under this practice, repre- 
sent the summation of the inventory accounts, namely, 
Raw Material Stores, Supplies Stores, Finished Goods 
Inventory, and Work-In-Progress. 

In Table 5 however the account classification recog- 
nizes Management’s choice to carry the inventories in 
the General Ledger, and to separate Finished Goods 
from Work-In-Progress. 

The control feature of evaluating finished castings 
and segregating them from the Work-In-Progress 
should not however be minimized. It is conceivable 
that finished castings may accumulate to unreasonable 
proportions due to several factors which should be 
investigated. For example, 

1. Broken lots may lay in the shipping department 
over a period of time with no attention given to the 
shortage due to scrap or other causes. 

2. Consistent carelessness in scheduling may have 
gradually created over-runs which are being held in 
the shipping department pending re-orders from the 
customer. 


Factory Burden—The Factory Burden is here shown 
as a clearing account at the end of the General Led- 
ger classification, since the inventories are carried in 
the Working Assets section of the General Ledger. 

The Factory Burden account controls the Factory 
Ledger, and the charges thereto will be periodically 
offset by the related Factory Burden Credit or Sus- 
pense account. 


Variances to.Operating Income and Expense—The 
Variances which are classified under Operating In- 
come and Expense in the General Ledger will ob- 
viously represent a charge against Management, and 
will not be included in the department burden rate. 

The charge against Management however does not 
warrant the implication that no provision has been 
made to recover the expenses from the customer. This 
distinction must be borne in mind: if this group is 
charged to the Operating Income and Expense section 
of the General Ledger, it becomes a deduction against 
profit. The implication is clear, namely, that if any 
provision need be made for this group of variances 
due to the speculative limits thereof, the provision 
would be reflected in the margin of profit chargeable 
to the customer on the Job Order Cost Sheet. 


Material Price Variance—Assume that the Price /Lb 
at which the customer is charged for materials has 
been ascertained after consideration had been given 
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to the lower and upper limits of seasonal fluctuations, 
special market conditions, and the buying policy of 
the company. The accepted price may be more or less 
than the actual cost of the materials at any single 
point during a period of time, and the price variance 
under these conditions will therefore be represented 
by plus and minus values, or rather charges and cred- 
its. Obviously, if it were possible to set a price which 
is mathematically precise, the balance in the Material 
Price Variance account at the end of the accounting 
period would be zero. Consequently it can be assumed 
that when a rate is established the customer pays for 
the plus and minus values, and that any further charge 
for price variance therefore amounts to a duplication. 


Material Quantity Variance—As in the case of the 
Price Variance, the Quantity Variance is already 
taken into account when establishing the standard 
%-Metal Loss, and the thought of transferring the 
quantity variance to the department burden account 
would simply represent a misleading duplication. 


Over-Under-Absorbed Burden—The rate at which 
burden is absorbed may likewise be considered a mid- 
dle point, so that over a period of time the plus and 
minus values are intended to provide a zero balance 
in the Over-Under-Absorbed burden account; that is, 
the over-absorption in some months will compensate 
for the under-absorption in other months, during the 
chosen business cycle. 


Budget Variances—The Budget Variances, namely, 
Manufacturing Expense Excess, Operating Efficiency, 
and Capacity Variance, in reality represent the anal- 
ysis of the Over-Under-Absorbed Burden, and will 
therefore be classified in similar manner in the Gen- 
eral Ledger. 


Sequence of Expense Sub-Accounts—Some logical 
order should be observed in the sequence of expense 
accounts. Some accountants prefer to maintain dis- 
tinct groups of accounts for each general class of ex- 
pense; for example, a separate series of account num- 
ber would be reserved for Indirect Labor, Labor Vari- 
ances, Operating Supplies, Fixed Charges, etc. 

Where Budgetary Control is incorporated in the 
standard cost system, accountants generally provide a 
further classification by regrouping the expense ac- 
counts according to the degree of variability, as for 
example, Variable Expenses, Semi-Variable Expenses, 
and Fixed Expenses. This type of grouping is in- 
tended to facilitate the preparation of Budget State- 
ments. This is particularly applicable to Companies 
which prepare a department Budget Statement to in- 
clude only those expenses which are controllable by 
the supervisor; thus the supervisor is not required to 
review Fixed Expenses over which he has no control. 

Observe that the degree of variability actually indi- 
cates the degree of controllability. Thus the general 
grouping could just as well have been stated as con- 
trollable, partially controllable, and non-controllable. 

There is no apparent harm in dropping the par- 
tially controllable, or semi-variable, so as to group 
solely as controllable, and fixed. 
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Conclusion 

In conclusion, it might be said that knowledge of 
the facts is the first essential to intelligent action; and 
that the cost system can only be justified to the extent 
that it provides the facts for Management’s guidance. 

The application of Standard Costs in the Foundry 
Industry proposes many problems; admittedly, some 
of these problems have not yet been satisfactorily 
solved. However, the vast increase in knowledge of 
operation costs obtainable by the use of standard costs 
overshadows the residual error inherent in a partial 
installation. Even so, the margin of error under the 
Standard Cost System can be negligible when com- 
pared with composite averages and unanalyzed costs 
as obtained in the actual cost system. 


DISCUSSION 


Chairman: R. L. Lee, Grede Foundries, Inc., Milwaukee. 

Co-Chairman: G. Tispace, Zenith Foundry Co., Milwaukee. 

Member: Do you feel that the standard costs as presented in 
your paper will facilitate determination of proper selling prices 
for castings in a job shop over other types of cost systems, such 
as those propounded by either the Steel Founders Society or 
Alloy Casting Institute? 

Mr. Rurroto: When we speak of a “system,” we have in 

mind 

Departmentalization, 

Ascertainment of Burden Centers, 

Account Classification, 

Routines and Procedures for assembly and disposi- 
tion of data, and 

Internal controls for assuring the dependability of 
the data. 

On the whole, the same principles of system design apply to 
standard cost accounting; an adequately designed actual cost 
system need not therefore be changed to permit the use of 
standards. The account classification will however be expanded 
to include several accounts which are peculiar to standard cost 
accounting. 

Thus, standard costs may be considered as the ultimate step 
in the progressive development of accounting for Management 
control. 

Che estimator is provided with a book of standards by which 
he will compute the cost of a specific job. The use of standard 
costs will therefore save him considerable time in making the 
quotations. 

Accuracy is obtained by the use of scientific standards which 
have been carefully ascertained, and uniformly applied by the 
estimator. 

Accuracy and uniformity is not obtainable by the use of 
actual costs, since no one can define the actual cost of a spe- 
cific job which has been re-run several times. For example, 
Pattern 17J was run on two previous orders by two molders; 
their performance was as follows: 

John Doakes 

Abe Jeniska 7.25 minutes/mold 
Shall we say the cost is 6.50 minutes/mold, or 7.25 minutes/ 
mold? Shall we average the two previous performances? 

Our mental calculation at this point virtually amounts to 
setting an estimated standard for the job—a standard which is 
subject to change each time the job is re-run. 

With the use of scientific standards, the estimator has only 
one rate at which Pattern 17J is uniformly charged, regardless 
of the number of re-runs, or the operator assigned to the task. 

In event the standard is 6.50 minutes/mold, the excess time 
taken by molder Abe Jeniska will be charged to Labor Variance 
expense, and will be included in the department burden, but 
will not be charged against a specific customer: 

Abe Jeniska 7.25 minutes/mold 
Standard 6.50 y oy 


6.50 minutes/mold 


Labor Variance 0.75 minutes/mold 
Obviously, standard costs can be incorporated in the system 
recommended by the Institute without changing the general 
form. 
Mrempser: Will the use of standard costs in the determination 
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of proper selling prices save time? 

Mr. RurroLo: The use of standard costs obviates the nec: 
sity for accumulating job order costs. Thus, the use of stan:'- 
ards in costing practice will eliminate a considerable porti: 
of clerical hours in the cost department. 

However, if the foundry is not currently maintaining job 
order costs, the cost department will experience no saving in 
clerical hours. 

There is however an advantage obtainable for the estimator 
which is measurable in both time and accuracy. 

If we have to bid within the tenth of a cent, or even half of 
that, in order to get a job, we have to know dur costs within a 
tenth of a cent, and cannot use an overall average. We cannot, 
for example, say that we are going to apply the cost of the 
entire foundry on this particular pattern when this pattern, in 
going through the foundry, should actually absorb the cost of 
only four or five departments. 

Memeer: This standard cost will not provide to the small 
foundry any savings in clerical help in the determination of 
costs of specific jobs. ‘That basically is what I was getting at. 
Am I right or wrong? 

Mr. RurroLto: Many foundries use varying levels of general 
averages in computing costs and in estimating. However, if costs 
are to be satisfactorily ascertained for specific jobs, the foundry 
must maintain Job Order costs, either at actual or at standard. 
Job Order cost at standard is by far the most economical prac- 
tice; it has also the advantage of accuracy, uniformity of cost 
application, and provides controls for cost reduction. 

The only difficulty in the application of standards in a cost 
system is the periodic labor distribution. If you are currently 
making a proper distribution of labor, very little additional time 
will be required with the use of standards. 

Do you make a monthly apportionment of your service de- 
partments to the direct departments 

MEMBER: Yes. 

Mr. Rurroto: With the use of standard costs, the monthly 
apportionment is not necessary for the preparation of state- 
ments, although some accountants prefer to make the apportion- 
ments. 

The apportionment serves only one purpose, namely, to 
either compute or check the burden rate of a direct department. 
This check can be made by the Cost Department at any time 
during the month, after the statements have been issued. 

A departmental statement of expenses is important to study 
the performance of the respective departments. A department 
can only be held responsible for direct charges under its control; 
the inclusion of apportioned expenses in the department state- 
ment has no significance from a control standpoint. Conse- 
quently, there is no need to delay the issuance of statements 
because of apportionment routines. 

Furthermore, a statement of expenses for the service depart- 
ment is important to Management when compared with the 
allowable expenses determined by use of standards. Hence de- 
partmental statements of both service and direct departments 
are preferable to statements of direct departments only after 
the costs of service departments have been apportioned thereto. 

Do you keep the actual job cost on each pattern as it goes 
through? 

MEMBER: No. 

Mr. RuFFoto: Standard costs would provide a considerable 
saving in clerical hours if your foundry were currently operating 
under an actual Job Order Cost system. Since you do not have 
Job Order costs, the advantage would solely apply to the esti- 
mator as previously discussed. 

Memeerr: I tried the scheme that you have been propounding 
in your paper. I abandoned the project when I got to the point 
of determining my relationships, that is, by the use of the 
scatter correlating the expense to the base. 

Mr. RUFFOLO: Yes? 

Member: When I started preparing the graphs, I found 
that there were so many items of expense which were absolutely 
unintelligible because of varied factors influencing the historical 
data which J was unable to analyze. My study possibly covered 
a period of 20 years—the changes in operating conditions over 
the period made it impossible to obtain comparability of expense 
data. 

Mr. RurFroLo: Did you go back in your record to get your 
expense? 

MEMBER: Yes. 
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Mr. RuFFoLo: There is one condition precedent to the use of 
siindard cost, and that is to start today and go forward. Do mot 
move back. Is your labor standardized? 

MEMBER: To a large extent. 

Mr. RuFFoLo: With labor standards, you have the basic struc- 
ture, but you must go forward; that is, make your analysis of 
cost data as it currently passes through your department. Let 
me emphasize, with some exceptions, an analysis of past data is 
highly unsatisfactory because of unknown quantities involved in 
the analysis. 

Poor correlation of the expense to its base may be the result 
of a combination of factors, for example, 

Inventory practice, 
Management policy, 
Lack of dependability of data, etc. 


Inventory Practice 


If an expense of sizeable nature is charged direct to depart- 
ment burden in the month in which it is purchased, the devia- 
tion of the scatter on the graph would obviously be excessive. 
One foundry charged an entire carload of grinding wheels to 
expense when purchased, even though the carload represented 
several months’ supply. Obviously, a poor correlation was ob- 
tained when the wheel expense was graphed with grinding 
direct labor as a base. 

A far better correlation is obtained when the supplies are 
first charged to inventory. Thereafter Inventory is relieved on 
the basis of consumption reports, so that the expense for a 
single period will strictly represent the usage for the period. 


Management Policy 


In many cases, Management prefers to expense some items 
which normally could be capitalized. Charges to Maintenance 
represents a fair example of this class of costs . 

Again, consumption reports are impractical in cases where 
the operating personnel obtain their own supplies from stores 
which are not physically controlled. This class of supplies is 
charged direct to expense when purchased, unless a physical in- 
ventory were taken each month to ascertain the usage for the 
period. 

In some cases Management has its eye on property taxes, and 
is reluctant to show as inventory items which have very little or 
no resale value. 


Dependability of data 


The dependability of consumption reports is largely condi- 
tioned by the extent to which the stores are physically con- 
trolled. Provision for periodic spot-check of stores items, segre- 
gation of known lots, and other techniques serve to provide more 
dependable monthly consumption reports. 

MeMBrr: You are a little elementary in what we are doing. 
We are doing a little better job than that. But the thing I 
suspect greatest of all are the human factors which influence 
the cost. For example, if an expense is $50 at a given volume, 
how are we to know, that because of poor supervision, the ex- 
pense was $10 too much. If we established a correlation based 
solely on the cost data, we would in this case be establishing a 
standard based on the performance of a poor supervisor. 

If you knew that all your supervisors were doing an ade- 
quate job of controlling, you could rely on the level and trends 
ascertained from the cost data. But, unfortunately, that is not 
always true. . 

Those are the problems which caused me to feel that the 
scatter charts were pretty much of a guess on my part. That is, 
where would I establish the level of the curve on the scatter 
chart? 

Mr. RurFoLo: A scatter is factual. Mathematically we can 
fit a curve to the scatter. Even when a perfect correlation is 
obtained, the question in your mind is whether the curve repre- 
sents the influence of a poor supervisor, in which case the level 
of the curve should be lowered in establishing a standard for 
the expense. 

First let me suggest that if we assume all other factors con- 
Stant, the deviation of the scatter from a fitted curve will be 
influenced by the 

(a) Choice of the Base to which the expense is 
correlated, and to the 
(b) Degree of control exercised by the supervisor. 
It the expense item varies physically in direct proportion to the 





variation in the chosen base, then the deviation is a measure 
of the control exercised by the supervisor. 

Poor control would in this case be represented by a wide 
range of scatter, that is, the scatter would not be expected to be 
near the established curve, since poor control invariably gives 
rise to erratic performance. 

Perfect control would be expected to provide a consistent 
scatter together with a smaller value of deviations from the 
curve. In fitting the curve by the “Least Square” method, the 
sum of the squares of the deviations would be a minimum. 

Bear in mind that the true expense standard is not expressed 
in dollars. For example, a standard for limestone consumption 
in the cupola would be expressed as 

Pounds Limestone vs Pounds of Metal Charged. 
Where “y” (pounds limestone) is a function of “x” (pounds of 
metal charged). Variances due to price changes are therefore 
eliminated in the calculation. 

This method can be used on many expense items and, when 
aided by technological investigation at the situs of the operation, 
the analyst is provided with a fair knowledge of facts for estab- 
lishing the level of the curve. 

The practice which is not uncommon is to immediately es- 
tablish a standard based on the reported data. Thereafter tech- 
nological studies are made to bring down the level of the 
standard. In either event, a standard cannot be considered scien- 
ific unless a full and careful investigation is made of the 
expense, 

There is one angle I do not think you should overlook if you 
have already applied standards to labor operations. If you have 
already applied standards, and if your supervisors are trained 
to operate under labor standards, you have the groundwork. 
However, development takes time. Both supervisors and opera- 
tors must be trained; that is why in my paper I say labor 
standards should come first. 

Memeer: Labor standards is not the problem. 

Mr. RurroLto: No, but the favorable reaction of labor and 
supervision is important. The application of labor standards 
provides a training period for both labor and supervision. There- 
after the problem of obtaining dependable consumption reports 
and other essential data is progressively simplified. 

Are you now operating with standard costs? 

MEMBER: No, we are operating under standard labor, but not 
standard cost. 

Mr. RurFoLto: But you do not think much of it? 

Memper: I never got beyond the preliminary stage of setting 
it up, because the standards would be my own personal opinion 
and because there are some other ways of getting at my cost. 

Mr. RurFroto: I submit this: Do not expect the accountant 
to be the “lone wolf” to record data which comes to him, and 
expect him to get 100 per cent accuracy when he has no control 
over the source of that data. If the Cost Department has no 
help at the source of that data, the system cannot be expected 
to attain accuracy and dependability. If that data is inaccurate 
at its source, even your actual costs are inaccurate. The im- 
portant problem in systems application is to attain dependability 
of data, and guard it once it has been obtained. That applies to 
all data regardless of whether it affects labor standards, material 
standards, or burden standards. 

In your place, I think I would be influenced to continue. 1 
would not give up. 

MemBer: Probably in a year or two we can start again. 

J. O. Suive:' In a jobbing shop, where you have reviewed 
job costs, how accurate did you find the costs which were being 
recorded? 

Mr. RurFoLto: Am I to understand that the job costs cur- 
rently recorded are actual costs and you ask how accurate are 
those actual costs in a job shop with an actual job order cost 
system? 

Mr. Suive: That is right. 

Mr. RuFFoLo: Well, I made mention of “delay time” that we 
found when labor was standardized, that is, the direct labor 
account in an actual cost system can include as much as 20 per 
cent delay time in many cases. Delay time is a labor variance, 
and should not be included in the direct labor account. In that 
particular case, direct labor was actually 80 per cent of what 
was shown on the books. 

Let me mention this angle also. If the direct labor is over- 


1 Asst. to Manager, Sterling Steel Casting Co., East St. Louis, Ill. 
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stated because of some delay time on that job, then the burden 
must be understated, if the burden was applied on direct labor. 

There is another point, when John Jones did the job, the cus- 
tomer got the job in 114 hr of molding time—thus the pattern 
was charged to the customer at 114 hr molding time. When the 
order was repeated, the foreman put Jack Stone, a learner, on 
the job. It took him 3 hr and 40 min molding time on the job. 
The job order cost of the second run was entirely different than 
the cost of the original run. As a result, we now have two sepa- 
rate costs for the same job. 

With the use of standards, if 114 hr of molding time were 
considered a normal performance, the customer’s job would be 
uniformly charged for 114 hr molding time regardless of the 
performance of the operator assigned to the job. The training 
of operators is the responsibility of the department foreman. 
Consequently, no single customer should be charged with the 
cost of training Jack Stone; the training loss must be absorbed 
by the department, and included in the department burden. 

Mr. Suive: How good is a standard system if it does not go 
beyond establishing labor standards? I assume standards on 
such operators as molding and coremaking, and the use of 
standard time, and not actual time spent on the job. 

Mr. RurroLto: You are assuming labor standards on all 
operations? 

Mr. Suive: Where you can apply them. 

Mr. RurFoLo: Labor standards in some form can be applied 
to all operations. Furthermore, the labor standard should be 
used on the Job Order Cost sheet, and not the actual time spent 
on the job. 

Mr. SHive: You cannot apply those to all the departments. 
For instance, in the cleaning room you have variables applying 
to particular jobs. 

Mr. RuFFoLo: How do you apply your rates? Do you have 
piece rates in the Cleaning Room? 

Mr. Suive: That is right. 

Mr. RurFoLo: On what operations? On grinding, chipping, 
finishing? 

Mr. SHIvE: Yes. 

Mr. RurFo.o: Blasting? 

Mr. SHive: No. 

Mr. RuFFOLo: You can have piece rates with unit standards 
on grinding and chipping. There are variables in these opera- 
tions, more particularly in chipping, however standards have 
been successfully established on both of these operations in sev- 
eral foundries. 

Some companies prefer to use a per-pound standard or piece 
rate. In the case of a captive foundry which produces a line of 
fittings, and the fittings merely differ as to size, it is conceivable 
that a per-pound basis provides a satisfactory measure of work, 
provided the fittings are first classified into groups. For example. 
fittings which require jib crane handling and swing grinding 
would be classified separately from fittings which are handled 
manually and ground on the stand grinder. There are other 
characteristics which of course determine the limits of each 
class. 

Some job shops likewise use the per-pound basis. Undoubted- 
ly, those shops are recovering their costs, but is it fair to the 
customer? The per-pound basis is strictly an average, and when 
an average is used some customer is bound to be over-charged, 
while another customer fails to pay the cost attributable to its 
job. 

After standardizing your labor, you ask how good is the sys 
tem without the material and expense standards. There is a 
progressive improvement and increase in benefits with each step 
in the standardization program. Labor standards will be of 
immediate interest to the estimator in computing specific job 
costs. To the cost accountant, labor standards represents the first 
major step in the program, since it permits him to proceed with 
the design and installation of the standard cost system. Thus, 
the system will be prepared to receive the entries when material 
and expense standards are thereaiter established. 

However, it surprises me that accountants generally look upon 
expense standards as a difficult project. However, expense stand- 
ards should be established and held in readiness as a technique 
for making an intelligent and rapid analysis of operations when 
the need arises. 

I think all of you have at some time seen the entire account- 
ing department upset in an attempt to provide the reasons for 
increase in costs during a period. For example, one foundry sud- 
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denly discovered that its cost per ton had increased from $350.0 
ton to $436.00/ton in a single month. Obviously, the Cost | 
partment was hard pressed to explain the increase of $86.00/t 
A principal of an engineering firm gave the opinion that tie 
waste and delay time was mainly responsible for the increas: 
costs. Actually, the waste and delay time amounted to less thin 
$2.20/ton! This was a far cry from the $86.00/ton which the 
Cost Department was attempting to locate. The Cost Department 
eventually gave a fair answer to the question, but it lost time 
in ferreting out the facts. It would have been far simpler to 
have obtained a precise and detailed analysis with the use of 
expense standards, and entirely eliminate loose opinions aid 
estimates which commonly accompanies the excitement resulting 
from a sudden realization of inordinately increased costs. 

C. J. LoNNEE:* Suppose a plant is operating at 100 per cent 
capacity and the burden at that figure is 100 per cent. Produc- 
tion goes down to 50 per cent capacity causing the burden to 
rise te a higher figure. You have the opportunity to bid on 
some new business. What burden figure do you use, the original 
burden figure, the 50 per cent capacity figure or the estimated 
burden figure if the new business was obtained? 

Mr. Rurroto: First, let us distinguish “Physical Capacity” 
from “Normal Capacity.” Assume that the physical capacity of 
the molding department is 5,200 man-hours/month. However, 
when allowances are made for absences, break-downs, holidays, 
and your share of the volume of business available in the mu 
ket, you may find that a practical level at which you can be 
expected to operate is 3,740 man-hours/month. Let us then 
assume that 3,740 man-hours is the normal capacity. Although 
the normal is 70 per cent of the physical capacity, it is never- 
theless referred to as 100 per cent capacity when measuring the 
production level in any single month. Thus, if the foundry 
operated at 80 per cent capacity during a month, the production 
level is interpreted to be 80 per cent of the normal capacity. 

In your case, you say that the burden was 100 per cent when 
your foundry operated at 100 per cent capacity. I assume, that 
100 per cent capacity was your normal, and that the burden 
rate was ascertained to recover all your costs at the normal level 
of production. 

Since the normal capacity is far below the physical capacity, 
it is expected that over a period of time the company will oper- 
ate just as frequently above the normal level, in which case it 
would be operating above 100 per cent; for example, 110 per 
cent, 130 per cent, etc. In this case, it should be over-absorbing 
its burden and showing a surplus in the “Capacity Variance” 
account. This surplus acts as a reserve to compensate the busi- 
ness for the capacity loss taken in the months when operating 
below normal. In other words, if the normal were mathemati- 
cally precise, the charges to Capacity Variance in the low level 
months would precisely equal the credits to the account in the 
months that it operated above normal. 

Under those circumstances, when production dropped to 50 
per cent, the burden rate should not have been changed. That 
portion of the unabsorbed burden due to the low level of pro- 
duction should have been charged to Capacity Variance. This 
variance is referred to by some operators as “Idle Plant.” 

Obviously, if a particular job will increase the production 
level to 75 per cent of normal, the applied burden rate should 
still be the same as applied at the normal, or 100 per cent 
capacity. 

There are circumstances which makes the revision of the 
normal capacity advisable. For example, one foundry had the 
opportunity to supply the automotive industry with a single 
item over a period of several years. The added work was in the 
nature of an increase of the foundry’s share of the available 
market. In this case, I think the foundry exercised good judg- 
ment in raising its normal capacity to include the added work, 
thus giving the new work and all its customers the benefit of the 
reduced burden rate applicable at the higher production level. 

CuAtRMAN Lee: I would like to interrupt. State it this way— 
you were Gperating at what you call 100 per cent, and I think 
you mean 100 per cent of actual capacity. If you had previously 
been figuring correctly on a normal basis, you would have 
charged off more than the actual burden rate, so that you would 
have had an over-absorbed burden during that time. Then 
when you dropped to 50 per cent of actual capacity, you would 
have been under-absorbing your burden. You might have to 


2 Plant Manager, The Clover Foundry Co., Muskegon, Mich. 
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make some adjustment if you expect to operate in the future 
at only 50 per cent of the capacity that you had previously used. 
However, you would not have had to change the burden rate if 
you had been previously over-absorbing your burden. You would 
not need to make the sudden drop, particularly if you thought 
this 50 per cent production would last only two weeks, a month, 
or two months. 

Do you think you can enlarge on that a little bit? 

Mr. RurFoLo: You assume that 100 per cent was his physical 
capacity: Is that your thought? 

Mr. LonnEE: When I mention 100 per cent capacity, I mean 
potential capacity. Actually normal! operating capacity may be 
only 90 per cent of potential capacity due to absenteeism, 
breakdowns, etc. 

CHAIRMAN Lee: Then if you are basing your overhead figures 
on a normal of 65 or 70 per cent of your physical, then you 
would have been showing the difference between 70 per cent 
and 95 per cent as over-absorbed burden during the period that 
you were operating at almost capacity. 

Mr. LonneE: I am merely seeking information as to what 
is the general practice in the industry. Mr. Ruffolo states that 
if in bidding on a job you have to bid within Yo of a cent a 
pound on a job, you must know your costs within 49 of a cent 
per pound. I am in agreement with that statement but my point 
is, a slight variation used in the burden figure for estimating 
purposes could increase or decrease that 49 of a cent per pound 
considerably. 

Mr. RuFro.o: Let us not lose sight of the fact that when you 
chose your normal, you had a reason for the choice of that par- 
ticular level of production. And if you chose the correct normal, 
it is fair to the customer, is it not? You are not charging the 
customer too much, nor are you charging him too little. 

Now, when your operations are below that normal, should 
the burden rate be raised to recover all your expenses? I say 
definitely not, if the normal had been properly chosen. If you 
revise your burden rates upward when the volume is below 
normal, you obviously do not recognize a normal. 

When a normal is established, it is recognized for the time 
interval chosen as the cycle. Theoretically it remains invariable 
unless the conditions under which it was established have 
changed, in which case you are justified in appraising the ad- 
visability of changing the normal. 

CHAIRMAN Lee: And by the same line of reasoning there, if 
he had been operating at 95 per cent of physical capacity, he 
would have been producing above his established normal. 
Consequently, the question would have arisen, should the 
burden rate be reduced? The change of burden rates with the 
shift in production levels is contrary to the theory and choice 
of a normal capacity. 

You must estimate your volume on a time cycle covering sev- 
eral years. For example, over a ten-year cycle you may estimate 
that for five years you will operate above the chosen norma! 
and for five years you will operate below normal. You will over- 
absorb your burden during the five years you operate above 
normal, and the theory is that over-absorption of burden during 
those years, will take care of under-absorption during the years 
that you operate below normal. 

Mr. RuFFOLO: That is correct. 

Mr. LONNEE: Is not that determination basically a de- 
cision of Management rather than the Accounting Dept., or the 
Cost Dept.? It has to-be a gamble that business, if the company 
guesses correctly, will be good. If the company’s guess is incor- 
rect, it will lose. That is Management’s prerogative, is it not? 

CHAIRMAN LEE: I don’t know whether I get the same answer 
that the author might give, but it is not within the province of 
the Accounting Dept. to be the sole judge as to the choice of the 
normal or any of the standards Mr. Ruffolo has referred to. 

The Accounting Dept. is not a division with a fence around 
it; for example, it must consult with Management on questions 
of policy, and with the supervision with respect to the standard 
force, absenteeism, and other innumerable questions which are 
considered in establishing an acceptable normal. 

Now, it is a fact that in the gray iron industry, for instance, 
over a period of years, 65 per cent of capacity has been consid- 
ered normal. Other branches of the industry have used different 
methods, and have arrived at different percentages other than 
65 per cent. The percentage will, of course, depend a great 
deal on the particular foundry and the businesses from which 
the castings orders are obtained. It is thus a matter of policy 
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for the individual company to establish its own normal. 

Once the normal is chosen, whether it be at 50, 60, 70, 80, or 
90 per cent of physical capacity, that normal is established. Then 
when you are operating at above that normal, following the 
theory that you would have laid away a reserve to take care of 
the lean times when you are operating at below your capacity. 

MeMBer: What do you do when you have an excess profits 
tax? 

CHAIRMAN Lee: Let me say that we still have some cases 
pending on excess profits, but that has absolutely nothing to do 
with whether or not your foundry is operating at a reasonable 
profit. What the Government takes after you make a profit has 
nothing to do with the operation of your foundry. It is some- 
thing over which you have no control. You do, or you should 
have, control over the operations of your own foundry. 

If you have established your normal, and established your 
charges (perhaps not all of them, but a certain proportion of 
them are proper charges on your income tax return) , and if it is 
a proper charge on your income tax return, you will have laid 
away a reserve which has been set up before the ordinary income 
tax or excess profits tax goes into operation. 

MemMBerR: Do you mean to say that the Revenue Bureau 
recognizes the standard cost system for eliminating excess profits? 

CHAIRMAN LEE: Within a certain limit, yes. I think that is 
a rather hazy field to get into and really has no bearing on 
standard costs or actual costs. What the Government does 
about the profit after the profit is made has no bearing on your 
operation of your foundry. 

Let us assume two gray iron foundries, A and B, both of the 
same size, equal ability, and having the same costs and producing 
identical castings. Foundry A uses under and over absorbed 
overhead in establishing rates. Foundry B uses actual over- 
heads. For purpose of illustration, we will use a hypothetical 
molding burden. Burdens in the other departments will follow 
in somewhat the same proportions. 

Both foundries have been running for several years at 65 
per cent of capacity, which is the usual normal used in the 
gray iron industry. Both foundries have had the same costs, 
selling prices and profits during this period. 

The volume of business increases and both foundries operate 
at 100 per cent capacity for a fuil year. Foundry A, over absorb- 
ing overhead, continues to price on a basis of 200 per cent 
molding burden. Foundry B, using actual overheads, finds that 
its molding burden has been reduced to 100 per cent and reduces 
prices accordingly. At the end of the year Foundry A has pro- 
duced a profit net after taxes of $1,000,000. Foundry B, because 
of reduced prices, has made a profit of $500,000. 

In the following year business drops off and the foundries are 
operating at 35 per cent of capacity. Foundry A continues to 
use 200 per cent molding burden; having under absorbed over- 
head. Foundry B finds that its molding burden has been in- 
creased to 400 per cent and raises prices. At the end of the 
year Foundry A has incurred a loss of $500,000. Foundry B, 
because of increased prices, has incurred a loss of only $250,000. 

Because of loss carry backs Foundry A has netted $500,000 dur- 
ing the two-year period and Foundry B has netted $250,000. 
This shows a distinct advantage in using under and over ab- 
sorbed overhead. 

The example has been made rather extreme to bring the 
facts out clearly but any graduation of percentage of capacity 
would have a greater or lesser degree of the same effect. 

In the above illustration Foundry A would have a good 
chance of getting higher prices for the castings produced during 
the time when both shops were running at 100 per cent capacity. 
How much chance would Foundry B have to increase prices and 
recover on the basis of 400 per cent molding burden during the 
second year? 

Co-CHAIRMAN TISDALE: I believe that is a good question, as 
to what percentage of burden should be used under these condi- 
tions. 

CHAIRMAN Lee: That is a very good question, and the state- 
ment that I made is that, if you have been operating properly 
in the past, you will have had an over-absorbed burden during 
the last two or three years since the war, and you cannot sud 
denly double your burden because your operations have dropped 
50 per cent of what they were two months ago. 

Co-CHAIRMAN TISDALE: If he had been using and basing his 
prices on a normal condition, even with his over-capacity oper- 
ation or capacity operation let us say, you would establish new 
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prices under today’s condition on that same normal basis. 

Mr. RurroLo: May I add something at this point? With 
respect to any standard, there eventually comes a time when we 
review that standard. We must look into the standard periodi- 
cally to ascertain whether the facts and conditions, under which 
that standard was first established have changed. If they have 
changed, there is probable justification for adjusting the stand- 
ard. 

Unfortunately, [ think probably your experience is similar to 
the situation I have witnessed in other plants. When the pro- 
duction level was near capacity, the foundry was unaware that 
it should have been over absorbing its burden. Now that the vol- 
ume is down, the actual burden rate cannot be applied to cus- 
tomer’s work without losing the few jobs the foundry is cur- 
rently running, and likewise discouraging new business because 
of excessive quotations. 

Basically, the problem centers around the volume of business. 
The burden rate at the normal capacity is far lower than the 
burden rate computed at 50 per cent capacity. Obviously the 
foundry will have a better chante to boost its volume to the 
normal level by using the lower burden rates. A revision of 
rates to recover all costs at a 50 per cent capacity might be 
resorted to in desperation, but might nevertheless be suicida! 
in its effect on the small volume currently running. 

Memper: You speak of normal points and normal. We speak 
of the break-even point, where we. establish break-even points 
based upon our capacity. We are working upon the capacity of 
50 per cent, either side of that line is whether we are making 
progress or whether we are not making progress. I think that is 
what the last discussor was trying to establish. 

If your standards are correct, and you are following your 
standards and watching your break-even point, you are going to 
be fore-warned of any drop in the market. Or, if you wish to 
take on a job that is going to take a larger extent of your 
capacity, you will have something that you can work on, and 
work on sensibly. I think that is the point he is trying to 
make. 

Mr. RurFoLo: The break-even point is simply the volume of 
business required to recover all costs; it is represented as the 
point of intersection of the sales and cost curves on the break- 
even chart. 

The break-even chart is a useful tool, but it may be mis- 
leading to job shops which interpret tonnage as volume. Ob- 
viously, a thin section job may require very little metal, but an 
excessive amount of labor; the selling price to the customer 
would necessarily reflect the additional labor cost. Consequently, 
in some cases, man-hours was found to be a more acceptable 
measure of volume. For similar reasons, the number of man- 
hours at which some of the departments operated was found to 
be a better base for ascertaining the per cent-capacity. 

In my paper, I stated that the normal capacity is chosen “with 
respect to” the break-even point. In other words, the break-even 
point is used as a guide in choosing the normal. If the normal 
is established above the break-even point, it is true, the break- 
even chart will serve as a warning that you are approaching a 
volume at which losses wiil be incurred. 

The normal is not necessarily chosen at a volume based on 
past performance. Often, consideration is given to anticipated 
sales in locating the normal. For example, the company may 
decide to revamp its sales policies, increase its sales force, and 
institute a large scale advertising campaign which it estimates 
will increase its sales by 20 per cent. The normal would thus 
be raised approximately 20 per cent in order to provide sales 
with the advantage of reduced burden rates applicable at the 
volume which it expects to attain. 

What applies to one foundry does not necessarily apply to 
others; each foundry must be considered as an individuality, and 
proper weight given to the relative importance of the condi- 
tions peculiar to that foundry. 

MembBer: Your paper, so far as I could tell presupposes a 
grown company. Now, in a company that is still growing, where 
today’s costs do not represent tomorrow's costs, in which today’s 
capacity is perhaps half of tomorrow’s capacity. how can you 
set up your form of standard costs particularly when the shop 
at present is operating on an hourly basis not a piece-work basis, 
and there will be no timestudy work done? 

Mr. RuFFoLo: When a job is estimated, someone must esti- 
mate the labor costs in order to ascertain the sales price which 
will be quoted to the customer. If the molding time is estimated 
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at 6 min, the customer will be charged accordingly. In the al 
sence of scientific labor standards, the Cost Department can u: 
the estimate at which the job was sold, namely, 6 min. 

The 6 min cannot be accepted as a measure of work or ind 
vidual performance. At the most, labor quantity variance wou! 
represent a composite measure of the ability to estimate, an 
individual performance. I would prefer labor standards for eas 
of application and benefits derived therefrom. 

Bear in mind, that with respect to labor, we have both pric 
variance and quantity variance. If an operator with an hour! 
rate of $1.25/hour is placed on an operation which should pay 
$1.00/hour, standard cost recognizes a labor rate variance «| 
$.25 per hour; in other words, standard cost recognizes what tlic 
job should pay, and not what it actually paid. 

If a standard is 6 min (10 pieces/hour), and the operator 
performed the task in 10 min (6-pieces/hour), standard cost 
recognizes a quantity variance as the difference between 10 
pieces and 6 pieces. Failure to equal standard usually appears 
as a labor variance and is entitled “Make-Up” in the cost ac- 
counts. 

It is theoretically possible in your case to obtain both pric« 
and quantity variance based on the estimate at which the job 
was sold, however I do not visualize the practice as being too 
practical. 

Labor standards are practical on many of the operations in a 
foundry which is growing, since the standard is set on the oper- 
ation irrespective of the number of men involved. For example, 
you may now have only two squeezer operators, nevertheless 
squeezer standards would uniformly apply to all squeezer oper- 
ators whether you had two men or forty men. The number cf 
floors now operating makes no difference in the application of 
labor standards. 

However, if a standard for stand grinding operation was cal- 
culated on the basis of present equipment at 6500 fpm, and you 
later change to modern equipment rated at 9500 fpm the stand- 
ard would necessarily be revised because of the change in 
equipment. 

Some expenses are directly proportional to the direct labor 
man-hours. If the relation of a specific expense item is | Ib for 
each man-hour, then the rate of consumption is 1 1b/man-hour. 
If we double the force, the rate will still be 1 Ib/man-hour, but 
the quantity, or total consumption, will be. doubled, since the 
total man-hours were doubled. Thus the two factors, quantity 
and time, are expressed as a rate of consumption by the ex- 
pression of | lb man-hour. However, any expense standard is 
subject to revision when a change occurs in the conditions 
under which it was established. 

J. W. Janca:* We operate a similar type of program that you 
presented, but without the job card, that is without the stand- 
ard cost of each job. We have piece work in the molding, but 
all other operations are on day work, and we operate on a 
tonnage basis. 

I was interested in observing that you use minutes rather 
than tons, but can you see any reason why, with good informa- 
tion from the shop, we cannot use tonnage as a factor? 

Mr. RuFFOLO: Do you use the tonnage against your expenses? 

Mr. JANCA: Yes. 

Mr. Rurroto: Do you have labor standards? 

Mr. JANCA: Yes. 

Mr. RurFoLo: Have you piece rates? 

Mr. JANCA: Just in molding. 

Mr. RuFroto: You do not have anything in the cleaning 
room? 

Mr. JANcA: Based on a budget, so many tons per day pro- 
duction will establish the certain direct labor cost figured on a 
certain yield. 

Mr. RuFFoLto: I hope you do not mind my expressions on 
the tonnage practice? 

Mr. JANCA: No. 

Mr. Rurro.o: In the application of piece rates for molding, 
you have already witnessed the fact that the rate paid for a 
mold has practically no relation to the pounds of metal poured 
into that mold. A wide range in weight can be expected from 
the same size flask. 

Mr. JANcaA: In both directions. 

Mr. RuFFOLO: Yes, it can be expected in either direction. Jn 
other words, the direct labor is not proportional to the amount 


$3 Production Manager, Westlectric Castings, Inc., East Los Angeles, Calif. 
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of metal poured into the mold, although a partial correlation 
might be obtained when the piece rate includes pouring, in 
those shops where the molder pours his own molds. 

Mr. JANCA: Right. 

Mr. RuFFoLo: That observation is likewise true in the core 
room, and in the cleaning room. 

Let us see what actually happened to the direct labor costs 
on two jobs which were identical, but run from two separate 
patterns. These patterns were for small wheels, four to the 
gate. 


Case I—This was a match three-part job. The parting was 
in the center of the wheel groove and oftentimes was not en- 
tirely peened in the mills, thus creating additional finishing 
time for the chipper. 


Case I1]—In this case, the customer furnished an aluminum 
plate pattern and a core box. The job was a two-part job with 
a ring core which formed the groove on the perimeter of the 
wheel. The hub core was set to create vertical fins which the 
chipper removed with little difficulty. 

The actual cost of the two jobs as chargeable to the cus- 
tomer was as follows: 

Charged Customer 
Per 100 Pieces 
Case I $71.67 
Case II 37.05 


The weight of the casting was held constant, consequently the 
variation in cost was entirely due to the difference in labor costs. 

Timestudy men have observed the length of time required to 
chip a horizontal fin on the inside of a hub. When the core- 
print was changed to create a vertical fin, the chipping time was 
considerably reduced. 

In general, the time for chipping a class of fins is a function 
of the length of the fin, with the handling time constant, pro- 
vided the thickness of the fin is within the limits specified for 
that job. Thus more time would be consumed by the operator 
in the case of a swell which created an excessive thickness of fin. 
When work measurement is thus analyzed to ascertain the fac- 
tors which influence time, we find that the weight of the casting 
is only a single factor, and in many cases, weight is relatively 
unimportant in measuring the work performed on a specific 
operation. 

If the castings are first classified into groups, so that the 
only difference between the castings within the group is size, 
it is conceivable that with some classes of castings the measure 
of work is a function of the weight of the casting. A curve will 
likely be obtained, even though it will not express a direct pro- 
portionality. The reason is obvious, the increase in size of the 
casting results in the added linear inches of fin, increased dimen- 
sions of the flask in molding, with a like effect on other factors 
of work measurement. And, within a class, weight is a function 
of size, consequently weight becomes a reasonable substitute base 
for measuring the work after the castings have been classified. 
The degree of accuracy obtainable will of course depend upon 
the care taken in classifying the castings. 

The cccasional shop which produces a specialized line of 
work might find classification quite practical, however elemental 
labor standards is the only practical application for a job shop 
with an exceedingly varied line. The elemental standards which 
possess the same base-can of course be combined in setting up 
the tables for use of the estimator. 

Occasionally 2 perfect correlation is obtained between labor 
and weight for no reason other than that the men were on the 
same pattern each day, showed a reasonably consistent perform- 
ance, and the relative proportion of each class of product was 
consistently maintained in the total monthly shipments. In one 
foundry I personally witnessed an almost perfect correlation of 

Pounds Core Mix vs Coremaking Direct Labor Dollars. 
The correlation was an accident resulting from the consistent 
performance and repetitive production of various jobs. The 
effect was similar to holding all variables constant with the ex- 
ception of “Pounds Core Mix,” thus providing a perfect corre- 
lation. The employment of techniques involving multiple corre- 
lation could not have produced a more perfect curve. 

I mention the example because that shop was on a uniform 
daily schedule, which is beyond the experience of the average 
job shop. It likewise offers a warning that mathematical tech- 
niques are dangerous in the absence of judicious analysis. 
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Thus, it is possible, that if pounds today provides you with 
a reasonably consistent base, it is chiefly because the relative 
proportion of the class of work shipped each month has been 
reasonably consistent. However, once the proportionality is dis- 
turbed, the scatter on your chart will begin showing wider 
deviations. 

Mr. JANCA: Can you find the relationship closer by using 
sales dollars against cost? In other words, it costs so much per 
day, materials, labor and so forth. If in your opinion there is a 
great variance daily, you can then pick out the specific job that 
costs you the money, and then trace it down without using an 
expensive method, but still using those basic figures, leaving 
tonnage out. 

Mr. RuFFoLo: Yes, but you are going to use just the sales 
dollar, and you are going to ascertain a ratio of cost to the sales 
dollar. For example, let us assume that your cost should be 80 
per cent of your sales dollar. Do I understand your question? 

Mr. JANcA: Something similar to that. 

Mr. RurFoLo: The total cost is directly proportional to the 
sales dollar, provided the sales dollar was based on standard la- 
bor, standard burden, standard material, and a standard mark- 
up for profit. The cost factors will however vary within a 
wide range for various classes of work, therefore there is no 
composite percentage of sales which can be used to ascertain the 
standard labor applicable to the sales dollar; the percentage 
changes from day to day. The total cost however will remain a 
fixed percentage of the sales dollar. For example, if each job 
is charged a 10 per cent profit, then the sales dollar represents 
110 per cent of cost, and the total cost can readily be computed 
by reducing the sales dollar to 100 per cent, for example, 

Standard Sales 
Total Standard Cost = —————_ 
1.10 

The standard Cost of Sales can be broken down into its 
components—labor, material, and burden—by simply making a 
recapitulation of those costs as shown on the job order cost 
sheets; provided of course that the job order cost sheets are 
priced at standard. The cost components of Work-In-Process 
must be similarly recapped in order to arrive at the direct labor 
applicable to the current month. The total actual labor may 
then be compared with the total labor at standard thus providing 
an overall index of plant performance with respect to direct 
labor. This operation is a simple by-product of an I.B.M. in- 
stallation. 

Mr. JANCA: No, I do not mean that. I work on a budget. 
You still have a budget and you set up so much cost. 

Mr. RuFFoLo: Are you talking of projected sales? For exam- 
ple, we estimate $10,000 sales for next month, and we forecast 
a cost against that budget. Is that what you have in mind? 

Mr. JANcA: Using that, and then taking the daily actual cost. 

Mr. RuFFo.o: But then you are still admitting that you are 
considering your cost as a proportion of your sales. You estimate 
your sales on an assumed proportion of various classes of work. 
Let us assume then that the cost is accurately stated on the 
projected sales. If you apply the projected ratio as a standard 
to measure the daily operations, you are in effect assuming that 
the relative proportion of the various classes of work will remain 
constant for each day of the month. That of course is unlikel: 
to happen in a job shop. 

Mr. JANncA: I do not mean for establishing any standard or 
sales price. 

Mr. RuFFOLo: For purpose of comparison? 

Mr. JANcA: For determining which jobs are giving us the 
high cost and low sales dollar. 

CHAIRMAN Lee: I would like to ask if your profit-percentage 
or whatever you call it is standard? Do you charge the same 
profit on every job? 

Mr. JANcA: No, we are using the established schedules. 

CHAIRMAN Lee: Then as I understand it you are trying to 
compare a variable sales dollar where on one job the profit 
might be 5 per cent, on another one 15 per cent and another 
one 30 per cent depending on the schedule. You have that 
variation and then you are trying to tie that sales dollar with 
your cost? 

Mr. JANcA: That is right. 

CHAIRMAN Lee: And since your costs do not vary with your 
profit variation, which as I stated might be 5, 15, 30 or any other 
figure, I do not see how you can get any comparison at all. 

Mr. JANcA: You mean each job may have a different profit 
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percentage and it may also have a lost percentage that we do 
not know that we can trace only by using your standard cost 
system? There is an interim method such as comparing cost 
against daily sales dollar in total, then if the profit has been 4 
per cent or 5 per cent out of line or when we are going into 
the red that day, then immediately we know that there is some- 
thing we produced at a loss. 

CHAIRMAN Lee: Either your cost was distributed or it was 
not figured correctly in the first place. You might have a job on 
which the actual cost all of the time has been $1.10 to produce 
a dollar of sales and it is a possibility that you might have a 
certain day where you have a larger proportion of those particu- 
lar jobs running through which would reduce the profit sharply. 
On the other hand you might have some excess costs occurring 
in that particular day which are due to inefficiency of operation, 
which also would reduce the profit and I can mention several 
intermediate possibilities. So, it seems to me that you have a 
conglomeration there which has absolutely no relation to your 
profit. 

When considering the total of the day’s production you have 
a varying profit, a varying actual cost depending on how accu- 
rate your information on costs were on it, plus your variation 
due to cold iron or blow holes or bad cores or improper mold- 
ing or finally the wrong grinding or chipping or whatever it 
was in the finishing department; and you just have a hodge- 
podge there, that it seems to me would be impossible to deter- 
mine in-the quick manner that I think you are talking about. 

Mr. JANcA: Then you feel I-would not be much more ahead 
than I am with my tonnage. 

Mr. RurFoLo: Bear in mind, that a “per-pound” is nothing 
but an average. Theoretically, an average or arithmetic mean 
is the middle point of the given data, however that point may 
not in fact exist as data. If we sell at an average, it is assumed 
that there is data above the average and below the average. 
Consequently, if we lost work which should sell below our 
accepted average, the previously chosen mean or average ceases to 
exist, and we must raise our average sales price in order to avoid 
losses. 

Unfortunately, averages will recover costs during the interval 
that conditions remain unchanged. However, since the average 
is obtained from an interim relationship, it is subject to sudden 
change, and can cause sizeable losses before Management reacts 
to the changed conditions. It is therefore better judgment to use 
the proper base in all fairness to the customer by applying spe- 
cific job costs, and as insurance against costly errors. 

When we speak of specific job costs, foundries will invariably 
ask, is it expensive? As a mater of fact, it is expensive to quote 
on any job; the estimator goes through the same motions whether 
he is guessing the costs or whether he is using standard data. 
It is essential to the health of the business that he be given 
the tools with which to work. First, standardize your labor; 
that is fundamental. 

Direct labor on day rate is a variable, and we cannot relate 
an expense to labor unless one of the factors is held constant. 
Labor standards will provide the desired base with which ex- 
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penses will be correlated. It can therefore be readily appr 
ciated that burden standards are readily available once the lab 
standards have been established. 

Mr. JANca: When estimating cost, we took the quarter we 
figured was a normal quarter. I do not know what the pro!i: 
figures were in which we made money. We used that quartc: 
plus others, struck off an average and evolved an hourly rat: 
based on eighteen factors throughout the shop in molding, cor 
making, five operations in cleaning, melting charge, metal, and 
so on. We have that based on an hourly rate, so many dollars 
per hour per each operation and taking the minutes that it 
takes to complete an order for so many castings. 

CHAIRMAN Ler: You are talking about a previous quarter, 
etc. You can not compare today’s operations with yesterday's 
operations in any jobbing shop because there are no two days 
during which you produce castings from exactly the same pat- 
terns in the same quantities so that you can get a comparison. 
I thoroughly agree with Mr. Ruffolo. You are interested in 
today’s operations and in correcting them today so as to pro- 
duce more economically tomorrow and the days that follow. 

I have gone all through this when we started out 30 years 
ago. You speak about a small foundry; we had only 12 molders; 
and that is pretty small. But with those 12 molders in two and 
one-half years we had our costs established. And we never con- 
sidered costs expensive because we always tried to find out 
whether we were making a profit on individual jobs, not in total. 
I have seen comparisons, charts showing groups of foundries 
and their operations in the previous month and the previous 
quarter. 

You have 25 or 30 foundries, no two of them operating alike, 
no two of them comparable on anything from consumption to 
man-hours per ton or anything else. If you are running a job- 
bing foundry, you are interested in meeting your pay roll and 
you hope to make a profit. You are not doing that as an aver- 
age foundry; you are doing that in your own particular foundry, 
and you have to get some cost method. I am not saying that you 
cannot devise it without standard cost, but having gone through 
all the things in the last 30 years I am convinced that by esta!- 
lishing standard costs you can make a comparison. 

Your standards may not be accurate at first, but regardless 
of how small you are, if you establish standards today and then 
you prove that one of them is a little inaccurate tomorrow you 
can make an adjustment and you keep on working. In 30 days 
you will be further ahead than you were today as far as know- 
ing where you are going on the basis of today’s operation. It is 
the only safe way to know where you are going. 

There is only one thing that you might say you can base on 
tonnage and that is your metal cost. But even then your metal 
cost depends on your yield so that.the same shop having we will 
say three jobs with 40 per cent and 60 per cent and one with 
an 80 per cent yield, you do not even have the same metal cost 
in the three jobs. So, how can you compare any of the other 
costs on a tonnage basis when you can not even do it on the 
metal that goes into your casting? 
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Research Progress Report on 


MELT QUALITY AND FRACTURE CHARACTERISTICS 
OF 85-5-5-5 BRASS 


By 


J. F. Ewing*, C. Upthegrove**, F. B. Rote*** 


ABSTRACT 


Data presented in this paper were obtained in a Research 
Project sponsored by the American Foundrymen’s Society at 
the University of Michigan on the development of a fracture 
test procedure for evaluation of melt quality of 85--5-5-5 red 
brass. Metal was melted in a gas-fired crucible furnace and a 
3000 cycle induction furnace under a variety of conditions to 
produce a wide range of melt quality. The quality was evalu- 
ated on the basis of tensile strength, elongation, and density of 
test bars. 

It is shown that the fracture characteristics of tensile test bars 
and of separately cast flats up to 2 in. thick can be correlated 
with melt quality. Low quality melts show sharply defined 
gray rims with ragged red-brown or tan interiors in the frac- 
tures. Intermediate quality melts have poorly defined rims with 
smoother red-brown to red-gray interiors. High quality melts 
have no rim effect, but present a striated pattern in a uniform 
faint red-gray structure. Melts gassed by late contact with a 
source of moisture are characterized by a mottled yellow-white 
interior, instead of the red-brown interior of otherwise low 
quality melts. 

Bars whose 
quality were 2 in. by 6 in. by VY to 2 in. thick. 


fracture characteristics correlated with melt 


RELATIONSHIP OF MELT QUALITY and melting 
conditions, particularly with respect to furnace at- 
mosphere—oxidizing, neutral, or reducing—has been 
of concern to foundrymen in the brass and. bronze 
industry for many years. Qualitative effects of varia- 
tions in melting practise on the quality of molten 
metal in the furnace have been established in individ- 
ual foundries, but no completely satisfactory method 
for accurately evaluating the melt quality has been 
available. In an attempt to establish some rapid and 
reliable quality test the Research Committee of the 
Brass and Bronze Division of the American Foundry- 
men’s Society is sponsoring a research project at the 
University of Michigan, upon which this paper is 
based. 

G. H. Clamer,' in the 1946 A.F.S. Foundation lec- 
ture discussed melt quality and stated that “if it is 
agreed that melt quality and melt composition are 
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***Asst. Prof. of Metallurgical 
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synonymous, then melt quality is determined by 
three factors: 

1. “The composition of all the raw materials placed 
in the charge, including the flux, if any. 

2. The contamination of the charge during melt- 
ing and while superheating to the pouring tempera- 
ture, and contamination while transferring and pour- 
ing the melt into the mold cavity, including possible 
contamination of the melt in the mold cavity itself. 

3. The treatment to which the melt in the pot is 
subjected. This treatment is normally designed to 
remove partially or completely the harmful impuri- 
ties, especially the dissolved gases.” 

In this paper are presented results obtained to date 
in a study of the influence of the variables listed 
above on the quality of the 85 copper, 5 tin, 5 zinc, 
5 lead alloy and the interrelation of fracture charac- 
teristics and melt quality as effected by these variables. 


Melt Procedure 


Melts were made in a stationary gas-fired crucible 
furnace with glazed clay-graphite crucibles using 
“oxidizing” and “reducing” atmospheres, and in a 
3000-cycle induction furnace. The gas furnace at- 
mosphere was considered reducing when the free 
oxygen content was less than 0.10 per cent, and 
oxidizing when the gas contained more than 0.20 per 
cent oxygen. The furnace atmosphere contained 0.2 
to 0.4 per cent Os, 7 to 10 per cent COx, and less than 
0.2 per cent CO for oxidizing conditions and less 
than 0.1 per cent Og, less than 4 per cent COs, and 
5 to 11 per cent CO for the reducing conditions. The 
charges were, with one or two exceptions, 50 per cent 
ingot and 50 per cent scrap, the total weight ranging 
from 100 to 170 lb. The melts were superheated to 
certain controlled maximum temperatures which are 
indicated in the tables included in this paper, re- 
moved from the furnace, deoxidized with an addition 


Editor’s Note: The authors prepared slides in full color of 
the fractures referred to in this report. These slides were shown 
at a Brass and Bronze technical session at the 53rd Annual Con- 
vention of A.F.S. in St. Louis. In view of the fact that this 
paper is only a progress report of the research conducted thus 
tar the color fractures are not reproduced herein, 
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of 0.025 per cent phosphorus as phosphor-copper, 
then poured at 2250, 2150, and 2050 F into green 
sand molds. 

Barometric pressure and humidity observations 
were made during each heat, but no correlation with 
metal quality or properties was observed. All molds 
were faced with | in. of a sand mixture composed of 
50 per cent of new sand which had been heated to 
about 1800 F to dehydrate the natural clay and 50 
per cent new sand and backed with used sand. The 
facing mixture was mulled 5 min. and had a moisture 
content of 5.5 to 7.5 per cent. The moisture content 
of the backing sand was 7 to 9 per cent. Permeability 
was 18 to 20 in the facing and 20 to 23 in the backing 
sand. All castings were permitted to cool in the 
molds. 

Analyses of the ingot metals used were within the 
following limits: 


Element Content, per cent 
Copper 84.62 to 84.91 
Zinc 4.74 to 4.82 
Tin 4.80 to 4.85 
Lead 4.58 to 4.64 
Nickel 0.57 to 0.58 


Evaluation of Melt Quality 


Densities of the as-cast tensile bars, tensile strengths 
and elongations have, up to the present time, been 
used as the index of melt quality. 

These properties have been correlated with fracture 
characteristics in the tensile bars and various fracture 
test bars which are used as melt quality indicators. 
Tensile bars were cast to the LTB-2 design, which is 
a modification of Tentative ASTM Specification B- 
208. In the preliminary stages of the investigation 
several types of fracture bars were made; squares, 
flats, steps, and squares with 90-degree notches to 
check the possible variations in fracture characteristics 
with size and shape of fracture bar. It was found that 
the characteristics in the fractures appeared to be the 
same in all bars cast from any one heat, so the bars 
for fracture observation were limited in the later 
heats to 2-in. by 6-in. flats with thicknesses of 2, 1, 4, 
4, and ly in. All fracture test bars were broken at a 
position 2 in. from the gate end. The mold designs 
for the LTB-2 tensile bars and for the fracture bars 
are shown in Fig. | and 2. 


Fracture Appearance Correlated with Density 


The fracture characteristics in tensile bars, which 
varied in density from 8.40 to 8.91, were examined 
critically to investigate the possibility of correlation of 
density and fracture appearance. 

Low densities in tensile bars, whether made under 
reducing or oxidizing conditions, or poured at 2250, 
2150 and 2050 F, were accompanied by fractures 
showing thin gray rims, with salmon red or red-brown 
to light brown centers. 

Tensile bars in the intermediate density range were 
characterized by fractures with thicker gray rims and 
light brown centers. 





‘ FRACTURE CHARACTERISTICS OF 85-5-5.5 





When the density of the tensile bar was in t! 
range of 8.75 to 8.80, the gray rim characterist'c 
tended to disappear, and the fracture had a uniforin 
appearance; that is, an overall gray or faint red-gr>\ 
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Fig. 1—Line drawing of the LTB-2 tensile bar design. 
The original design was modified by increasing height 
of the open riser from 4 to 5 in. 
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Fig. 2—Line drawing showing mold design for fracture 
test bars. 
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color. In some cases the faint red gray was replaced 
by a yellow or light tan shade. This, the light tan 
shade of gray, was found more often in bars from 
reducing or induction heats, than in bars from oxi- 
dizing heats. In this high density range, the fracture 
showed a strong radial or striated pattern. At still 
higher densities, 8.80 to 8.90, the redness or tan shade 
of the fracture was more pronounced, as was the 
radial pattern. 


Fractures of Melts Gassed by Contact with Moisture 


Certain high density, 8.80 to 8.91, tensile bars had 
the fractures which were characterized, not by the over- 
all gray radial pattern, but by a rim and gray-white 
center of somewhat mottled appearance. This type of 
fracture appears to be associated with late contact of 
the melt with a source of water vapor and low pouring 
temperature. The bars with this fracture were from 
Heats 46 and 51, melted under reducing conditions in 
the gas-fired furnace and Heat 22, melted in the induc- 
tion furnace. Wet clay was added to the surface of Heat 
46 at a temperature of 2250 F. Test bars were then 
poured at 2250, 2150, and 2050 F. The second gas 
furnace heat, 51, received wet clay additions at both 
2200 and 2100 F, and bars were poured at 2150 and 
2050 F. Fractures of bars from Heat 46 poured at 
2250 and 2150 F and from Heat 51 at 2150 and 2050 F 
all had marked gray rims with red-brown centers. 
These fractures were characteristic of low melt 
quality and had the same appearance as those from 
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other bars of low quality due to other causes. In 
other words, a low quality melt can be expected to 
show a rimmed fracture with red-brown center. 

The metal from induction Heat 22 was poured 
from a transfer ladle which had been inadequately 
pre-heated and was, therefore, damp. The _ bars 
poured from this heat and the one set of bars from 
Heat 46, poured at 2050 F had fractures quite dif- 
ferent from those observed in any other bars. These 
fractures had faint gray rims and mottled yellow- 
white centers. The bars had high densities, 8.88 and 
8.87, respectively, high tensile strength, but poor 
elongation, 13 and 20 per cent, respectively. 

The fractures of bars poured at high temperatures 
from metal which made late contact with a source of 
water vapor were not noticeably different from the 
fractures of bars from low quality melts due to other 
causes. However, bars poured at low temperature 
from metal which made late contact with moisture 
and had an opportunity to degassify during cooling 
showed the mottled yellow-white centers. This indi- 
cates that the fracture test can be used as an indicator 
of possible contact of the metal with moisture during 
finishing or casting. 

Fracture Colors 

All of the fractures were examined at a magnifica- 

tion of 12X to determine the nature of the fracture 


color films. The low density fractures showed patches 
of yellow gold through a gray background. Fractures 


TABLE 1—PROPERTIES OF 85-5-5-5 MELTS MADE IN INDUCTION FURNACE 


(As Cast LTB-2 Bars) 





Pouring Per cent Tensile Strength Melt 
Melt No. Temp.,F Density Elongation Psi Quality 
54e° 2150 8.68 23.5 34,700 Low 
8.69 34.5 37,700 
50 2150 8.67 15.0 30,600 Very Low 
8.70 14.0 31,000 
49 2250 8.72 20.0 33,600 Low 
8.73 20.0 34,950 
54 2050 8.81 28.0 37,400 High 
8.80 28.0 37,500 
50 2050 8.82 16.0 $2,350 Low 
8.87 23.5 36,350 
34 2210 8.86 35.5 40,900 Very High 
$2.5 39,800 
22 2100 ~ 8.88 13.6 33,000 Low 
13.3 34,600 
26 2240 8.90 29.0 40,700 High 
24.0 39,950 
33 8.90 25.0 38,400 High 
33.5 40,300 
30 2225 8.92 39.0 39,200 Very High 
35.0 40,400 
29 2230 8.90 33.0 39,200 Very High 
36.5 39,000 
25 2235 8.95 38.0 40,750 High 
28.7 38,800 


49-50 Rammed lining. 


Fracture Characteristics 
Radial 
Rim _— Pattern Color* Appearance at 12 
massive yellow-gold 
through gray 
red brown through gray 
massive patchy yellow 
gold through gray 
yellow gold and patches 
red brown through gray 
old gold through gray 


yellow white-light 
brown center (M) 
gray light brown center 
gray no yellow white-light 
brown center 
light brown center 


gray faint 


gray _ faint 


no medium gray-light tan 


no medium old gold through gray 
patchy yellow center 
old gold through gray 


faint red gray with 
yellow center (14”) 
no strong red gray 


gray _— faint gray white center patchy yellow gold 


mottled through gray 
no strong red gray old gold through grav 
no strong red gray old gold through gray 
no strong red gray old gold through gray 
no __ strong red gray old gold through gray 
no strong red gray old gold-some red brown 


through gray 


33 Methane bubbled through melt for 29 All ingot charge 


5 min before pouring. 


54- Rammed lining with MgO wash. 22 Cold transfer ladle. 


*M—Mottled 
**54—Fracture characteristics given for both LTB-2 bars. 





Bar 1 had low elongation; Bar 2 high elongation. 


oC” fu ‘i 
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Fig. 3—Comparative densities of LTB-2 tensile bars 8.80 a 
and fracture test bars. v 
Cc 
8.70 te 
of bars of intermediate density had a finely dispersed u 
yellow gold and red-brown appearance. When the Ke 
density was in the higher ranges, 8.80 to 8.90, the red- 8.60 te 
brown was replaced by finely dispersed old gold or a 
gray background. In the bars showing fractures with fh 
gray-white centers, the finely dispersed old gold was @ 8-50 a 
replaced by patchy or massive yellow gold. é ir 
Densities and Fracture Characteristics of Bars f 
Other Than Tensile Bars E 
° 
As indicated earlier, various fracture bars were 2 — 
poured from each melt. Table 4 presents the results _ 
of the density determinations on the various fracture 
bars and corresponding tensile test bars. The data as M 





Average Density of LTB-2 Tensile Bars 


TABLE 2—PROPERTIES OF 85-5-5-5 MELTS MADE IN GAS-FIRED CRUCIBLE FURNACE—OXIDIZING ATMOSPHERE 


(As Cast LTB-2 Bars) 





Fracture Characteristics 








Pouring Per cent Tensile Strength Melt Radial 
Melt No. Temp.,F Density Elongation Psi Quality Rim Pattern Color* Appearance at 12 
15 (e) 2180 8.5 12.5 32,200 Very Low gray no salmon-red center (M) massive patchy yellow 
7.8 27,500 gold through gray 
18 2100 8.51 6.5 19,500 Very Low gray(f) no salmon-red center (M) red gold with copper 
12.5 31.900 red patches through gray 
38 2250 8.59 20.5 $4,900 Low gray no light brown center red brown plus yellow 
8.53 24.5 35,500 gold through gray 
52 2250 8.53 22.0 36,800 Low gray no light brown center red brown plus yellow 
8.59 23.0 36,800 gold through gray 
35 2225 8.64 34.0 40,100 High gray (f) medium light brown center red brown through gray 
8.76 33.5 41,000 
37 2240 8.76 26.0 36,400 High gray no light brown center red brown through gray 
8.74 31.5 38,400 
45 2250 8.79 31.5 39,300 High no strong faint red gray red brown and yellow 
8.76 26.0 37,200 gold through gray 
48 2150 8.78 ys 38,100 High no faint light tan center red brown and yellow 
8.79 23.0 37,600 gold through gray 
52 2150 8.78 16.5 36,100 High no medium faint red gray red brown and yellow 
8.81 26.5 39,300 gold through gray 
31 2215 8.80 32.0 39,000 Very High no faint faint red gray red brown and yellow 
37.5 40,500 gold through gray 
39 2195 8.82 23.5 36,600 High no medium faint red gray red brown plus yellow 
8.83 $2.5 39,100 gold through gray 
47 2250 8.82 24.0 36,200 High no medium faint red gray old gold and red brown 
8.82 29.0 37,700 slightly patchy, through 
gray 
38 2150 8.84 34.5 39,200 Very High no _ strong faint red gray old gold plus red brown 
8.84 35.0 39,300 through gray 
35 2100 8.87 21.5 37,800 High no medium red gray old gold plus red brown 
8.86 $2.0 39,000 through gray 
48 2050 8.89 25.5 38,200 High no strong faint red gray old gold plus red brown 9 
8.89 25.5 38,800 through gray 
38 2040 8.91 18.5 37,500 gray no giay white center (M) patchy yellow gold 
8.89 29.5 39,000 High no no faint red gray through gray 
45 2150 8.90 30.5 38,200 High no strong red gray old gold through gray 
8.86 24.0 36,800 
47 2050 8.90 27.5 37,000 High no strong red gray old gold through gray 
8.91 27.0 36,600 
11 (g) 2150 8.92 31.0 41,500 High no strong red gray old gold through gray 
26.1 39,200 
45 2050 8.91 34.5 38,800 Very High no _ strong red gray old gold through gray oM 
8.90 30.0 38,900 ) 
* M—Mottled b) 


(e) —0.025 per cent of CuS added to melt after removal from furnace ; 
(f) —faint d 
(g) —alternate oxidizing reducing atmosphere—final oxidizing. 














Fracture Characteristics of 2x6-in. Flats 
Observations of the fracture characteristics of ten- 


sile bars and the 2-in. by 2-in., l-in. by 2-in. and Y4-in. 
by 2-in. bars from selected heats are presented in 
Table 5. Data for the smaller sections, 4%4-in. and 
lg-in., are not reported in that the fractures appeared 
te lose their distinguishing characteristics to a large 
extent in these thin, more rapidly cooled sections. 
The fracture characteristics of the 2, 1, and 4-in. 
flats correlated definitely with the fractures of the 
tensile bars, although the clarity of the characteristics 


TB-2 Bars) 


TABLE 3—PROPERTIES OF 85-5-5-5 MELTS MADE IN GAS-FIRED CRUCIBLE FURNACE-REDUCING ATMOSPHERE 
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are presented in graphical form in Fig. 3 and 4. It 
will be observed from these figures that a reasonably 
constant relationship exists between density of the 
tensile bar and density of the fracture bar. It is, 
therefore, evident that the densities of the fracture 
test bars correlate well with melt quality based on 
tensile properties and density in the LTB-2 tensile 
test bar. However, final correlation must be between 
fracture characteristics in the fracture test bars and 
melt quality, if the fracture test is to be a useful tool 
in evaluating melt quality. 
(As Cast L 
Pouring Per cent Tensile Strength Melt 
Melt No. Temp.,F Density Elongation Psi Quality 
90 i 
16 (a) 2275 8.43 11.0 26,800 Very Low 
8.42 13.5 26,500 
53 2250 8.40 6.0 24,300 Very Low 
8.40 9.0 24,100 
51 (b) 2150 8.5 24.5 33,800 Low 
et 8.55 20.5 32,600 
36 2240 8.60 22.5 $5,600 Low 
8.54 21.5 40,500 
53 2150 8.60 22.0 36,500 Low 
8.57 20.0 34,600 
27 2235 8.62 22.5 40,500 Low 
24.0 41,500 
y 51 (b) 2050 8.64 14.0 29 250 Very Low 
8.64 10.0 24,400 
10 2250 8.68 19.5 36,000 Low 
8.68 24.0 $7,500 
21 (d) 2275 8.68 26.6 36,600 High 
) 31.2 38,500 
36 2150 8.69 $1.0 39,400 High 
y 8.71 22.0 38,000 
14 (c) 2160 8.77 12.5 26,960 Very Low 
12.5 30,000 
19 2050 8,78 20.3 42,700 Low 
21.9 40,000 
16 (a) 2150 8.79 25.0 35,500 Low 
8.78 14.0 32,900 
9 2175 8.78 25.0 10,700 High 
24.9 38,300 
32 2250 8.79 24.0 39,600 High 
34.0 10,600 
28 2230 8.78 25.0 12,800 High 
30.0 12,800 
" 12 2150 8.82 26.0 38,900 High 
8.82 $3.0 39,400 
10 2150 8.83 30.0 10,200 High 
8.84 28.0 36,400 
36 2050 8.85 21.5 36,600 Medium 
8.82 27.0 40,500 
, 23 2215 8.84 24.3 39,400 High 
31.2 40,000 
53 2050 8.84 13.5 33,200 Very Low 
8.84 13.5 33,000 
10 2050 8.88 19.5 36,400 Low 
8.87 19.5 36,200 
16 (a) 2050 8.87 22.0 36,600 Low 
8.88 21.6 40,500 
17 (c) 2250 8.88 28.1 37,900 High 
25.0 10,000 
*M—Mottled 





a) —46 Wet clay added to surface of melt at 2300 F 


b) — 
c) —14-17 
d)—21 Dry charcoal cover. 








Fracture Characteristics 


Radial 
Rim Pattern Color* 
gray no salmon red center (M) 
gray no salmon red center (M) 
gray no light brown center 
gray no light brown center 
gray no light brown center 
gray no light brown center 
white center (M) 
gray no light brown and yellow 
white center (M) 
gray no light brown center 
gray medium light brown center 
gray faint light brown center 
gray no salmon red center 
gray medium faint red gray center 
gray ne light brown and yellow 
white center (M) 
gray medium light yellow or tan 


center 
gray (f) medium light tan cente1 


no medium red gray 


gray (f) medium _ yellow-light tan gray 
no no yellow-light tan gray 
no medium red gray (M) 


no medium _ yellow-light tan gray 


gray (f) no gray white center (M) 
no faint gray white (M) 
no no gray white (M) 
no faint light tan gray 


Wet clay added to surface of melt at 2200 and at 2100 F 
Wet charcoal cover in furnace 


Appearance at 12 


massive red gold 
through gray 
massive red gold 
through gray 
red brown plus yellow 
gold through gray 
red brown through gray 


red brown through gray 


red brown and yellow 
gold through gray 
massive-patchy yellow 
gold through gray 
red brown and yellow 
gold through gray 
red brown and yellow 
gold through gray 
red brown through gray 


patchy red gold through 
gray 
old gold plus red brown 
through gray 
patchy yellow gold 
through gray 
patchy yellow gold 
through gray 
red brown through gray 


red brown and red gold 
through gray 
old gold through gray 


old gold through gray 


patchy yellow gold 
through gray 
old gold through gray 


patchy yellow gold 
through gray 
patchy yellow gold 
through gray 
patchy yellow gold 
through gray 
patchy yellow gold 
through gray 
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Fig. 4—Comparative densities of LTB-2 tensile test bars and fracture test bars. 


was less in the flats. Fading or disappearance of the 
gray rim with increasing density was not as definite 
in the flats as in the tensile bars nor were the stria- 
tions or directional effects during soldification as 
marked. As with the tensile bar fractures, some over- 
lapping was evident. Characteristics for low melt 
quality and for high melt quality were well defined. 
The color characteristics of the fractures, other than 
the gray rim effect, were strongly evident, beginning 
with salmon red, mottled, or red-brown center in low 
density bars. With increasing density the center color 
of the fracture bars passed through the light brown, 
to light yellow or tan, to the faint red gray, accom- 
panied by fading of the gray rim. At high density the 
fractures of the bars took on a uniform appearance; 
i.e. the gray rim, almost or completely disappeared, 
and the overall color appeared as red gray, light 
yellow, or tan. 

As with the tensile bars, the fracture bars poured 
from metal in late contact with moisture showed the 
gray-white center characteristic of this quality. The 
variations in the appearance of the fracture bars of 
these heats; gray-white, sometimes mottled, as op- 


posed to the uniform red gray or light tan of the 
other high density tensile bars, were readily recog- 
nized in the 2-in. by 2-in. squares and 14-in. by 2-in. 
bars. The l-in. by 2-in. bars seemed to provide a rate 
of cooling which was less sensitive to the factors re- 
sponsible for this particular fracture characteristic 
than either of the others. Of the latter, the 14-in. by 
2-in. flat appears to be more sensitive than the 2-in. 
by 2-in. bar. 

Care must be exercised in producing fracture test 
bars lest incorrect information be obtained by frac- 
ture observation. It is possible that conditions within 
the mold and in the casting design may introduce 
contaminants which reflect poor melt quality, whereas 
the melt is actually of high quality. This was demon- 
strated by Heat 31, a gas-fired crucible melt made 
under oxidizing conditions, and Heat 34, an induc- 
tion melt, both poured at 2210 to 2220 F and both of 
high melt quality. Fracture patterns indicative of high 
melt quality were obtained in the 2-in. by 2-in. by 6-in. 
plain bars, the 2-in. by 2-in. by 6-in. bars cast with a 
90-degree notch, 34 in. deep and poured at the same 
time and in the same mold as the unnotched bar, 
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TABLE 4—DEnsITIES OF LTB-2 Cast BARS AND 
FRACTURE TEST BARS 





Pouring 


Melt No. Temp.,F Tensile Bar Fracture Bars 





2x2x6 1x2x6 lx2x6 





INDUCTION MELTS 


54 2150 8.68 8.48 8.56 8.56 
8.69 

50 2150 8.67 8.56 8.60 8.65 
8.70 

49 2250 8.72 8.31 8.39 8.49 
8.73 

54 2050 8.81 8.62 8.61 8.62 
8.80 

Gas FurnAce MeEtts—Oxipizinc CONDITIONS 

52 2250 8.53 8.41 8.45 8.48 
8.59 

45 2250 8.79 8.50 8.56 8.63 
8.76 

48 2150 8.78 8.51 8.63 8.63 
8.79 

52 2150 8.78 8.63 8.63 8.64 
8.81 

47 2250 8.82 8.57 8.60 8.69 
8.82 

48 2050 8.89 8.70 8.66 8.71 
8.89 

45 2150 8.90 8.71 8.72 8.77 
8.86 

47 2050 8.90 8.57 8.60 8.69 
8.91 

45 2050 8.91 8.76 8.76 8.79 
8.90 

Gas FurNAcE MELTS—REDUCING CONDITIONS 

46 2275 8.43 8.33 8.43 8.54 
8.42 

53 2250 8.40 8.28 8.22 8.33 
8.40 

51 2150 8.54 8.32 8.34 8.41 
8.55 

53 2150 8.60 8.37 8.41 8.45 
8.57 

51 2050 "8.64 8.43 8.48 8.61 
8.64 

46 2150 8.79 8.53 8.65 8.65 
8.78 

42 2150 8.82 8.62 8.69 8.73 
8.82 

40 2150 8.83 misrun misrun 8.73 
8.84 








showed low melt quality. This was undoubtedly due 
to gas absorption from the sand in the notch which 
was rapidly heated, being largely surrounded by metal. 
It is thus evident that metal of high melt quality may 
show patchy or highly colored areas, or may present 
fractures free from these effects, depending upon the 
type of bar used for observation and on the oppor- 
tunity for contamination in the mold, rather than 
on any inherent characteristic of the metal. This 
proves the necessity for careful control in casting test 
bars for fracture observation. 


Microradiographic Examinations 


In this investigation melt quality has been based 
on density, tensile strength and elongation. It is 
evident that, in some cases, these properties provide a 
satisfactory basis, while in others the extent to which 
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voids are present provides much more important 
criteria. As a means of confirming the melt quality 
ratings based on density and tensile properties, micro- 
radiographic examination was made of a number of 
some of the tensile bars. Microradiographs at 7.5X 
are shown in Figures 5a through 5g for cross sections 
of tensile bars from melts of low and of high quality. 


Figure 5a shows a cross-section of a tensile bar 
poured from a heat of very poor melt quality (Heat 
46 poured at 2250 F). The section illustrates the 
type of microporosity to be found in tensile bars made 
from badly gassed metal. Figure 5b indicates a lower 
order of porosity in a gassed melt (Heat 54) showing 
good tensile strength in both bars but low elonga- 
tions. Figure 5c shows pinhole microporosity in a 
tensile bar made from Melt 48 made under oxidizing 
conditions and poured at 2150 F. The density was in 
the range 8.75 to 8.80. The center of the bar was light 
tan in color, but the gray rim was definite. While the 
tensile strength was high, the elongation was only 
14 per cent. Figure 5d shows the cross-section of a 
bar from another heat, Heat 45 made under oxidizing 
conditions and poured at 2250 F, with the same 
density as the bar from Heat 48 poured at 2150 F, but 
which had good tensile properties. Figures 5e and 5f 
show the very limited microporosity in bars from two 
high quality heats, Heat 36 poured at 2050 and Heat 
45 poured at 2050 F. 

Figure 5g shows a section characteristic of the high 
density, low elongation bars showing the gray-white 
fracture. In this bar and others of similar appearance, 
no evidence of interdendritic or the pinhole type of 
microporosity was found. Instead, the microporosity 
appears patchy or localized. In the earlier discussion 
of the gray-white fracture bars, it was pointed out 
that the occurrence of the gray fracture was associated 
with water vapor and metal which had been gassed 
at the superheating temperature but, by cooling to 
temperatures around 2050 F had freed itself of much 
of the gas. The microradiographs appear to substan- 
tiate this view. 


Metallographic Examination 


Eastwood and Kura? in their microradiographic 
studies of the 85-5—5—5 alloy gave considerable at- 
tention to the occurrence of the lead and its relation 
to tensile properties. Metallographic and microradio- 
graphic studies were used in the present investigation 
in an attempt to determine the type and distribution 
of lead particles and their possible relation to varia- 
tions in elongation in two tensile specimens poured 
in the same mold or low elongation in tensile bars 
showing high density and tensile strength. No very 
consistent relation became evident other than that 
in bars from very low quality melts the distribution 
was very poor, while in bars from metal of high melt 
quality the distribution was uniform, with little or 
no tendency for grouping in the grain boundaries. 
Figures 6a through 6g show the lead distribution in 
seven tensile bars in which the elongation varied from 
13.5 per cent to 34 per cent. It will be observed that 
the grouping of the lead is pronounced in the tensile 
bar of Heat 38, poured at 2050 F. This bar, though 
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TABLE 5—FRACTURE CHARACTERISTICS OF |. [B-9 





Pouring 

Melt No. Temp., F 
46 2275 
53 2250 
51 2150 
52 2250 
53 2150 
5] 2050 
40 2250 
54 2150 
50 2150 
49 2250 
45 2250 
48 2150 


46 2150 


52 2150 


54 2050 


G.F.R. 


Melt* 
Type 


*45 some red brown patches 1x2x6 


50 2050 
47 2250 
42 2150 
40 2150 
53 2050 
10 2050 
46 2050 
45 2150 
18 2050 
17 2050 
45 2050 


*I—Induction 


I 


G.F.O. 


G.F.R. 


G.F.R. 


G.F.O. 


G.F.O. 


G.F.O. 


G.F.O. 


~~ Quality Density 
Very Low 8.42 
8.40 
low 8.54 
8.56 
8.59 
Very Low 8.64 
low 8.68 
8.68 
Very Low 8.69 
low 8.72 
High 8.77 
Low 8.78 
Low 8.78 
High 8.79 
» 8.80 
low 8.84 
high 8.82 
high 8.82 
high 8.83 
very low 8.84 
low 8.87 
low 8.87 
high 8.88 
high 8.89 
high 8.90 
very high 8.90 


G.F.R.—Gas-fired furnace. Reducing Atmosphere 
G.F.O.—Gas-fired furnace. Oxidizing Atmosphere 


_. Sp=rerr 


gray 


no 

no 
gray 

no 


no 


no 


no 
no 


no 
gray (f) 


no 


no 


no 


no 


no 


no 


Tensile Bar 
~ Color 


salmon red (M) 
center 


light brown 
center 


” 


light brown-yellow 
white (M) center 
light brown 
center 
yellow white-light 
brown (M) center 
light brown- 
yellow center 
light brown 
center 


faint red gray 
light tan 
light brown yellow 
white center (M) 
faint red gray 


gray light tan 


faint red gray with 


patchy yellow center 


(&% in.) 


faint red gray 
yellow-tan gray 
yellow-tan gray 
gray white center 


(M) 
gray white (M) 


gray white (M) 


red gray 


faint red gray 


red grav 


red gray 


red-brown and purple 


gray (f) 


no 


gray (f) 


2x 2 x 6 inches 


Color 


salmon-red 
patchy 
salmon red- 
mottled-small 
red brown patches 
red brown 


salmon red- 
mottled (M) 
light brown 


light brown- 
yellow-mottled (M) 


misrun 


light brown-yellow 


slightly mottled (M) 


light brown-slight 
mottle (M) 
salmon red-small 


patches 
mottled salmon red 
through gray (M) 
light brown-mottled 
(M) 
light brown 


faint red gray 


light tan-slight 
mottled (M) 


slight mottle-patchy 


in red gray (M) 


salmon red through 
red gray (M) 
slightly mottled 


yellow-tan gray (M) 


no 


no 


no 


no 


no 


no 


misrun 
mottled gray white 
center (M) 
mottled gray white 
center (M) 


gray white through 


red gray center (M) 


strong red gray 


faint red gray 
slight mottling 
(M) 
strong red gray 
red cold patch 
strong red gray 


Appearance 


very ragged 


very ragged 


ragged 


very ragged 


ragged 
slightly ragged 


very ragged 


very ragged 


slightly ragged 
very slightly 


ragged 
slightly ragged 


very slightly 
ragged 


ragged 


slightly ragged 


slightly ragged 
slightly ragged 
very slightly 
ragged 
very slightly 
ragged 
very 
slightly ragged 


very slightly 





showing good density and strength, gave only 18.5 
per cent elongation. 

The low elongation values obtained in certain of 
the bars appear to be more directly connected with a 
type of microporosity, designated by W. A. Baker * as 
interdendritic fissuring than with lead distribution. 
Baker explains this type of porosity as being caused 


dendritic channels. 


to 13.5 per cent. 


by the failure of the metal to feed 


along the inter- 


Figures 7a and 7d show four etched sections of 
tensile bars in which the elongation varied from 34 
It will be observed that the inter- 
dendritic fissuring is at a minimum in the bar giving 
34 per cent elongation. As the extent of the fissuring 
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Rim 


eray 


gray (f) 


no 


gray (f) 


no 


gray (f) 


no 


no 


1 x 2 x 6 inches 


Color 


4 x 2 x 6 inches 





Appearance 


Rim 


Color 





salmon red 


red brown 


light brown 


light brown 


mottled salmon 
red-light brown 


mottled salmon 
red through red gray 
light brown 
light brown 
faint red gray 


light tan gray 


light tan with small 
copper red patches 


faint red gray 
center 


misrun 
fine gray white thiough 
light tan center (M) 
strongly mottled 
gray white through 
fine gray white 
through red gray 
center 


strong red gray 


red gray 


strong red graj 


strong red gray 


ragged 


very ragged 


ragged 


ragged 


slightly ragged 


slightly ragged 


very ragged 


very slightly 
ragged 
slightly ragged 


very slightly 
ragged 


slightly ragged 

ragged 

very slightly 
ragged 

very slightly 
ragged 
ragged 

very slightly 


ragged 


slightly 


very slightly 


ragged 


gray 


no 


gray (f) 


gray 


no 


gray 


no 


no 


salmon red 


light brown 


mottled-salmon 
red through gray 
mottled-salmon 
red through gray 


mottled-salmon 
red through gray 
light brown 


yellow gray 


light yellow gray 


light yellow gray 


faint red gray 
center 
light tan gray 
center 
light tan center 
mottled gray white 
center (M) 
fine gray white 
through light brown 
center (M) 
mottled-gray-white 


strong red gray 


gray white 
center 


strong red gray 


Appearance 


ragged 


very ragged 


ragged 
ragged 
slightly ragged 
ragged 
slightly ragged 
ragged 
very ragged 


very ragged 


ragged 
very slightly 


ragged 
slightly ragged 


very slightly 
ragged 


very slightly 
ragged 


very slightly 
ragged 


very slightly 


very slightly 


ragged 





increases the elongation decreases very rapidly. 


Lead distribution seemed to be related to the melt 


quality, in that grouping in the grain boundaries 


cecurred in bars showing poor properties, and the 


distribution was more random in bars of higher 


quality. However, it is possible that lead distribution 


tise. 


is controlled by the same factors in the melting prac- 
tise which control melt quality and is, therefore, only 
another manifestation of variations in melting prac- 
Future research in the present project will 
include studies of a lead-free alloy which will be 
used to check on the direct influence of lead on melt 
quality. 








Fig. 





FRACTURE CHARACTERISTICS OF 85-5-5 


5A—Melt No. 46, poured 
at 2275 F, gas-fired fur- 
nace, reducing atmo- 
sphere. Tensile strength, 
26,000 psi, Elongation, 
12.5%, Density, 8.42. 


5—Microradiographs of LTB-2 tensile test bars. 





5B—Melt No. 54, poured at 
2150 F, induction § furnace. 
Tensile strength, 36,200 psi; 
Elongation, 23.5%; Density, 
8.68. 
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} 


5D—Melt No. 45, poured at 2250 
F. Tensile strength, 38,200 psi; 
Elongation, 28.75%; Density, 


7 
8.77. 





Fig. 5—Microradiographs of LTB-2 tensile test bars. 


5C—Melt No. 48, poured at 2150 
F, gas-fired furnace, oxidizing at- 
mosphere. Tensile strength, 
37,800 psi; Elongation, 22.75%; 


Density, 8.78. 











FRACTURE CHARACTERISTICS OF 85-5-5-5 
5E—Melt No. 36, poured at 2050 F, c 
gas-fired furnace, reducing atmo ‘ 
sphere. Tensile strength, 38,500 psi: 
Elongation, 24.25% Density, 8.83. 
Fig. 5—Microradiographs of LTB-2 tensile test bars. 
‘ 
5F—Melt No. 45, poured at 2050 F, 
gas-fired furnace, oxidizing atmo- 
sphere. Tensile strength, 38,800 psi; 
Elongation, 32.25%; Density, 8.90. 
6A 
OX| 
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5G—Melt No. 38, poured at 
2040 F, gas-fired furnace, : 
oxidizing atmosphere. Ten- 
sile strength, 38,250 psi; 
Elongation, 18.5%; Den- 
sity, 8.90. 
Fig. 6—Lead type and distribution in LTB-2 tensile test bars. Unetched. Mag. 250 x. 
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64—Melt No. 45, poured at 2250 F, gas-fired furnace, 6B—Melt No. 45, poured at 2050 F, gas-fired furnace, 
oxidizing atmosphere. Tensile strength, 37,200 psi; oxidizing atmosphere. Tensile strength, 38,800 psi; 
Elongation, 26.0%; Density, 8.76 Elongation, 34.5%; Density, 8.91. 
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6C—Melt No. 48, poured at 2150 F, gas-fired furnace, 6D—Melt No. 51, poured at 2150 F, gas-fired furnace, 
oxidizing atmosphere. Tensile strength, 38,100 pst: reducing atmosphere. Tensile strength, 33,800 pst; 
Elongation, 22.5%; Density, 8.78. Elongation, 24.5%; Density, 8.54. 
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6E—Melt No. 38, poured at 2040 F, gas-fired furnace, 6F—Melt No. 36, poured at 2240 F, gas-fired furnace, 
oxidizing atmosphere. Tensile strength, 37,500 pst; reducing atmosphere. Tensile strength, 36,600 pst; 


Elongation, 18.5%; Density, 8.91. Elongation, 26.0%; Density, 8.54. 


Fig. 6—Lead type and distribution in LTB-2 tensile test bars. Unetched. Mag. 250. 
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6G—Melt No. 46, poured at 2275 F, gas-fired furnace, 
reducing atmosphere. Tensile sirength, 26,500 pst; 
Elongation, 13.5%; Density, 8.42 


Conclusions 


Results of the study, though in an incomplete 
stage, permit certain tentative conclusions to be made. 
These are: 

1. A correlation between melt quality based on 
density or density and tensile properties and fracture 
characteristics exists for the fracture of the LTB-2 
tensile test bar. , 

2. In general, the fractures of bars from low quality 
melts will be characterized by a salmon red, mottled 
or light red-brown center and well defined gray rim. 

3. In general the fractures of the tensile bars from 
high quality melts will be characterized by the 
absence of the gray rim and the presence of a uniform 
overall gray fracture with a definite radial pattern. 
The gray overall color will usually show a faint red 
or faint yellow shade. 

4. The fractures of tensile bars from heats which 
would rate as low quality on the basis of elongation 
and tensile strength but of high quality, if considered 
on the basis of density alone, may show a fracture 
characterized by a gray white-mottled center. This 
type of fracture occurs in metal which made late 
contact with moisture and was poured at a low 
temperature. 

5. The fracture characteristics observed in the 
LTB-2 tensile bars, except for the radial pattern and 
sharpness of the gray rim, are found to exist to much 
the same degree in fractures obtained in 2-in. by 2-in. 
squares, l-in. by 2-in. flats and 14-in. by 2-in flats. 
Raggedness or unevenness of the fractures was notice- 
ably greater in fracture bars than in tensile bars. 

6. The 2-in. by 2-in. squares and 14-in. by 2-in. flats 
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appeared somewhat more sensitive to factors tending 
to produce the gray white fracture than the l-in. by 
2-in. flats. 

7. The fracture characteristics relate directly to 
melt quality and are independent of the method of 
producing the melt; that is, by induction melting or 
gas-fired crucible melting. 
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DISCUSSION 

Chairman: B. M. Lorine, Naval Research Laboratories, Wash- 
ington, D. C. 

Co-Chairman: H. M. Sr. Joun, Crane Co., Chicago. 

D. C. Caupron:* I suggest discontinuance of the use of sand 
as the mold material. It seems to me there is too much chance 
for variables here, particularly the introduction of moisture into 
the test bar, that might enirely nullify the results. 

CHAIRMAN Lorinc: We debated this very question at consid- 
erable length. It was felt that, to have these first results indica- 
tive of the actual variables that were encountered, we should 
know something, at least, of the variations from the sand which 
have been pointed out by Mr. Ewing. 

M. G. Diert:*? I assume that Mr. Ewing has canceled out 
the shrinkage effect of the gate from his fracture test bars. I 
assume he standardized that before he went ahead with the 
metal quality tests. 

One point that he did bring out very well was the fact that 
a high-density metal does not necessarily guarantee good metal, 
but a low-density metal does perhaps mean inferior quality 
melt metal. 

Has Mr. Ewing observed the crystal formation along the 
length of the test bar as it was being pulled rather than examin- 
ing the fracture? Has he noticed a difference in the crystal 
formation as determined by variations in the nucleation inten- 
sities? 

Mr. Ewinc: During tensile testing, heavy flow lines were ob- 
served running longitudinally along the surface of those test bars 
giving high elongation. 

B. N. Ames:* In evaluating the quality of a melt produced 
under certain melting conditions, I believe it is necessary to 
correlate with the density determinations other factors such as 
macro and microstructures, and rates of crystallization. In the 
tin bronzes, and with a standard test bar practice, these factors 
are substantially a function of pouring temperature. It is gen- 
erally well established that every test bar design, or casting, has 
an optimum pouring temperature. Test bars poured above or 
below the optimum will develop inferior mechanical properties, 
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7A—Melt No. 32, poured at 2250 F, gas-fired furnace, 7B—Melt No. 38, poured at 2040 F, gas-fired furnace, 
reducing atmosphere. Tensile strength, 39,600 psi; oxidizing atmosphere. Tensile strength, 37,500 pst; 
Elongation, 34.0%; Density, 8.81. Elongation, 18.5%; Density, 8.91. 





7C—Melt No. 51, poured at 2050 F, gas-fired furnace, 7D—Melt No. 46, poured at 2275 F, gas-fired furnace, 
reducing atmosphere. Tensile strength, 24,400 psi; reducing atmosphere. Tensile strength, 26,500 psi; 
Elongation, 10.0°%; Density, 8.64. Elongation, 13.5%; Density, 8.42. 


Fig. 7—Interdendritic fissure-type microporosity in LTB-2 tensile test bars. Acid ferric chloride etch. Mag.—100X. 
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although not necessarily for the same reason. Hence, in utiliz- 
ing density comparisons in evaluating melt quality, I believe, it 
is essential that they be made not only on the basis of the 
same test bar design but also at the optimum or at least the 
same pouring temperatures. 

Low density characteristics, or poor fractures of castings 
poured at a temperature other than the optimum, do not neces- 
sarily reflect poor melt quality but rather may be a function of 
the poor solidification characteristics of this class of alloy. 

Mr. Ewinc: In pouring at these three temperatures, it was 
noted that 2150 F seemed to be the optimum pouring tempera- 
ture for the LTB-2 tensile bar. Below and above 2150 F the 
elongation and tensile strength decreased. The fractures of the 
tensile bars poured at 2150 F had a strong radial pattern, while 
in the bars poured at 2050 and 2250 F the radial pattern was 
not as noticeable. 

Mr. Ames: We have just completed a similar investigation in 
studying the effects of superheating and pouring temperatures 
on the solidification characteristics of gun metal bronze. As 
part of this investigation we poured gun metal bronze super- 
heated to various temperatures into test bar molds at 50-degree 
increments, as the metal cooled, and compared the mechanical 
properties obtained with macro grain size and macrostructure. 
We found that with the particular test bar design we utilized, 
the optimum pouring temperature occurred just prior to the 
macro transformation from a columnar and equiaxed structure 
to a completely equiaxed structure. 

In other words, the optimum properties, i.e., both soundness 
and mechanical properties, are associated with a critical rate of 
crystallization and a change in the rate of crystallization will 
affect the soundness and mechanical properties. Hence, again, 
any attempt to evaluate melt quality as a result of the melting 
operation must keep this variable fixed. 

H. J. Roast:* Are these fractures easy for the men in the 
foundry to interpret and distinguish with accuracy? Have we 
arrived at that stage in the investigation where the foundryman 
will be able to do this? 

Mr. Ewinc: We found it quite easy to distinguish between 
the high quality and the low quality melts as based on density. 
However, the fractures of bars having in-between densities over- 
lapped at times. The fractures of low quality melts had very 
strong gray rims with red-brown centers, whereas in the frac- 
tures from high quality melts the gray rims tended to disappear 
giving an overall gray or red-gray appearance. 

Mr. Urpruecrove: I would like to point out that we placed 
the fractures on a table and had some people who had not been 
looking at them at all rearrange them as to metal quality. As 
Mr. Ewing has pointed out, those same people, who had no 
contact with the work, would pick the fractures representing the 
low quality and the high quality. When it came to the in- 
between, then there would be an overlapping. 

CHAIRMAN LorinG: Perhaps it was not brought out in the 
paper, but there was a numerical rating for fractures that was 
worked out fairly satisfactorily by the University of Michigan. 
It took into account the height of the projections in the fracture 
and various other characteristics which could be included in a 
merit index. This, of course, would be much too complicated to 
ever attempt to use in a foundry. 

H. F. Taytor:® We have been working on this subject for 
some time at M.I.T. I think we should be cautious about too 
ready acceptance af the indications from the particular frac- 
ture bars shown on the screen. At M.I.T. we have found it ex- 
tremely difficult to get a sound test bar. It is surprising the 
extent to which one must go to get perfectly sound test castings 
even when the melt is of top quality. By sound casting I mean 
a test bar which, when fractured, will be uniformly dense all 
the way across the fracture. 

I would like to ask Mr. Ewing if he got any fractured speci- 
mens that were perfectly uniform across the whole section? 

Mr. Ewinc: We did make two melts in the induction furnace 
in which all-ingot charges were used, and we obtained a very 
uniform overall gray fracture in the 2-in. x 2-in. fracture bar. 

Mr. Taytor: Did you check the density at that point, either 
with transverse radiography or by quantitative density measure- 
ments? 

Canadian Bronze Co., Ltd., Montreal, Quebec, Canada. 

5 Associate Professor, Massachusetts Institute of Technology, Cambridge, 
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Mr. Ewinc: We took all density measurements on entire 
cross-sections cut out of the fracture bars 2 in. from the gate 
end. 

Mr. Taytor: I cannot believe, and this is based on consid- 
erable experience, that any of the fracture test bars could be 
sound. I think it is necessary to make a test bar which has 
such directional solidification that while it does not represent a 
casting, it does give a sound casting if gas-free metal is poured 
into it. By that I indicate a wedge bar probably with the riser 
insulated. 

Mr. Dietl asked if you could correlate the pattern of the 
grain structure with soundness, either as indicated in densi: 
measurements or as indicated in the fracture bar. We find that 
you most certainly can; there is a marked difference between 
the grain structure of perfectly sound bars and bars which are 
unsound, even though there is only a slight difference. As a 
matter of fact, if you have the proper directional solidification 
in the bar, you will get a definite pattern of columnar crystals 
toward the last point to freeze. I certainly would not like to 
bank too strongly on the indications of the fracture bars shown 
at this session without some transverse radiography in test areas. 
I do think the work done is very significant and useful. I be- 
lieve the tensile test bar used was wisely chosen, in that it was 
probably well fed. Had this bar been fractured, rather than 
the rectangular bar, a better degree of soundness might have 
been shown. I think this point should be checked rather care- 
fully. Perhaps it was. 

Mr. Ewinc: In future work, we plan to make microradio- 
graphic studies of these fracture bars to determine the order 
and type of porosity which might be present. We have just 
started this microradiographic work and to date only a selected 
number of tensile bars have been examined by this means. 

Mr. Taytor: That will be excellent. 

We tried to reproduce fractured surfaces with good color 
photography and by other means so that an audience could ap- 
preciate just what can be seen from a fracture test. The fracture 
test of a perfectly fed coupon is an excellent index of melt 
quality. The only question I raise is one of getting a perfectly 
fed structure. 

CHAIRMAN Lorinc: That is a very pertinent suggestion. We 
have finished a study of some 2,000 or so test bars of different 
designs and we did just what Prof. Taylor mentioned, i.e., de- 
sign a test bar which was based on directional solidification and 
not on the present design. Among the 2,000 bars that we pulled, 
there were many of them of good design that did have com- 
pletely uniform fracture over the entire cross-section. There 
were other designs, however, which hardly ever gave a uniform 
fracture. It depends not only upon the design of test bar but 
also on the metal that you are using. Some metals will never 
have sound cross-sections with some test bars. 

E. M. Smirn:* It may be of some interest to learn if there 
was any attempt to determine the stress required to fracture 
good quality material versus poor quality material. Could such 
data possibly contribute anything to the investigation? 

Mr. Ewinc: As yet, this investigation is in the preliminary 
stage and so far an arbor press has been used to break the 2-in. 
x 2-in. and l-in. x 2-in. fracture bars. The 14-in. x 2-in. bars 
were broken by impact with a sledge. No actual measurements 
were taken of the force required to fracture the bars. 

A. J. Smirn:’ I think a little confusion has arisen here. This 
paper is a progress report and not a report on a completed 
project. We have been working on test bars for over 40 years. 
For this year, at least, test bars have been established for the 
bronze alloys. ASTM has selected no less than four of them, 
any one of which may be used within the group we are consider- 
ing. Some seem to have .he idea, however, that in a year’s work 
at U. of M. we are going to have the whole answer to the fracture 
test. I do not believe we should be so optimistic as to think 
that the sample selected is going to give the whole story, or to 
arbitrarily select another sample without good reason. 

On the matter of what sample should be selected, every one 
has his own idea and I would say the Committee would cer- 
tainly welcome all of those ideas, for only by getting all of the 
ideas together will we acquire a sound background for develop- 
ing a sound test piece. 

® Research Engineer, Battelle Memorial Institute, Columbus, Ohio. 
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PREVENTION OF HOT TEARS IN THICK-WALLED 


CENTRIFUGALLY CAST STEEL TUBES 


j. F. Wallace * and J. L. Martin ** 


ABSTRACT 


Consideration of longitudinal and spiral hot tears that occur 
in true centrifugally cast tubes led to the conclusion that these 
hot tears are caused by the internal pressure of the molten steel 
(under the action of centrifugal force) acting against the solidi- 
fied outer shell of steel. This outer shell shrinks away from the 
supporting mold wall due to solidification contraction and has 
low strength and insufficient ductility to permit yielding at the 
higher temperatures. The internal pressure of the molten steel 
must, then, be kept below the breaking strength of the outer- 
most solidified shell if hot tears are to be avoided. 

A satisfactory centrifugal casting technique requires accurate 
balancing of the more important variables such as the rate of 
pour, the rate of transverse solidification, the strength of the 
solidified shell or cylinder, and the speed of rotation. Experi- 
mental results (confined to casting in horizontal axis machines 
utilizing chill molds) emphasize that a speed of rotation within 
definite limits must be employed. When castings of appreciable 
length (length of casting = 8 to 15 times the outside diameter) 
are formed by pouring metal into one end of a chill mold, a high 
speed of rotation is essential to the proper and uniform longi- 
tudinal distribution of the metal. Reducing the speed of rotation 
to a low figure causes the metal to accumulate at the pouring 
end of the mold and results in incomplete fusion between suc- 


cessive layers of metal deposited at various distances along the 
mold. The severity of this condition increases as the ratio of the 
diameter of the mold at pouring end to the diameter of the mold 
at the nonpouring end increases. Susceptibility of the solidified 
shell to hot tears places an upper limit on the speed of rotation 
that can be employed. The high speeds of rotation used require 
that a small thickness of molten metal be maintained inside the 
solidified shell by careful control of the pouring rate so that the 
internal: pressure will not exceed the strength of the solidified 
shell. Too slow a rate of pour will increase the tendency for in- 
complete fusion between successive layers of steel. 

Mathematical expressions for the numerous variables involved 
have been developed, utlizing some simplifying assumptions. A 
single equation resulting from combining of the above expres- 
sions may be applied to compute the maximum rate of pour 
possible without hot tearing at any time during the casting cycle 
for a given size tube and speed of rotation. These data are pre- 
sented graphically and may be used to establish casting practice 
to obtain satisfactory tubes free from hot tears and associated 
defects. Casting experience at Watertown Arsenal indicates that 
some adjustments must be made in application of the mathemati- 
cal analysis to prevent introduction of appreciable errors by the 
assumptions. 





THE PRINCIPAL DEFECT in production of centri- 
fugally cast steel tubes at Watertown Arsenal has been 
the radial hot tear. The tears are initiated at the out- 
side surface and penetrate radially towards the bore of 
the casting. These hot tears usually extend longitudi- 
nally or in a spiral direction around the casting. A 
transverse macroetched disc cut from a tube with an 
unusually deep tear is shown in Fig. 1. The defect 
shown has all the characteristics of hot tears. Since the 
occurrence of these defects resulted in the rejection of 
castings, considerable thought has been devoted to the 
mechanism of formation and means of prevention. 


Computations and Discussion 


After careful consideration of the factors involved, 
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it was thought that the most probable cause of the tears 
is the internal centrifugal pressure exerted by the mol- 
ten metal on the first shell of steel to solidify within 
the mold. A schematic indication of the action of this 
pressure is shown in Fig. 2. 

The first shell of metal to solidify shrinks away from 
the mold wall because of solidification contraction. 
This contraction has been shown to be approximately 
3 per cent of the specific volume of the type of steel 
used at the freezing temperature.!:?, The molten steel 
is driven to the outside under the action of centrifugal 
force, where it produces an internal pressure upon this 
shell. 

Internal Pressure—The magnitude of the effective in- 
ternal unit pressure on the shell may be calculated by 
isolating a small sector of Fig. 2 and calculating the 
centrifugal force on the outside shell of this sector. 
The total effective pressure is obtained from the sum 
of the effective pressure due to the solidified shell and 
the pressure executed by the molten metal. The ex- 
pression obtain is: 




















Fig. 1—Transverse macroetched disc of centrifugal 
casting showing hot tear. 
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to accumulate near the pouring end and produce deep 
laps or cold shuts (incomplete fusion) when it does 
wash towards the further end of the mold. These cold 
shuts are formed by incomplete fusion between suc- 
cessive metal layers and frequently penetrate so far 
into the casting that the tubes are rejectable. It has 
been found, therefore, that the internal pressure is best 
controlled by maintaining as thin a cylinder of molten 
metal inside the shell (without the occurrence of laps) 
rather than by reducing the speed of rotation. 

A thin cylinder of molten metal is maintained in- 
side the shell by controlling the rate of pouring molten 
steel into the mold. The optimum rate of pour de- 
pends upon the rate of transverse solidification, speed 
of rotation, casting dimensions, and strength of the 
steel shell. Since serious cold shuts or laps will result 
if the metal solidifies before more molten metal is 
added at that location (rate of solidification exceeds 
rate of deposit of molten steel), it is advantageous to 
accumulate as thick a molten steel layer as possible 
without producing pressures exceeding the strength of 
the solidified steel shell. A satisfactory casting tech- 
nique, then, requires an accurate balance between the 
rate of pour, rate of solidification, speed of rotation, 
and strength of the solidified shell. 





P = ew°R (tm+t)........ Eq. 1. 
ra 
where P = effective internal pressure exerted on 
solidified shell (by centrifugal action), 
psi 
tm = thickness of molten metal, in. 
R = outer radius of solidified shell, in. 
t = thickness of shell, in. 
g = acceleration of gravity, in. per min? 
« = density of steel, lb/in.* 
w = angular velocity, radians/min 


It is noted that the internal pressure increases as the 
first power of the metal thickness and casting radius 
and as the square of the speed of rotation. 

It is believed that this internal pressure has the 
greatest tendency to produce hot tears early in the cast- 
ing process, although not at the start of pour. Condi- 
tions that make tearing probable at this time are: first, 
the outer radius of the liquid shell is at a maximum; 
second, the thickness of the solidifying skin is at a 
minimum; and third, the temperature of the solidified 
shell is at a maximum. Available information on the 
subject indicates that hot tears occur at high tempera- 
tures because of the low strength and low ductility of 
steel at these temperatures (between 2630 and 2300 F 
for medium carbon steels) .* The high temperature 
and resulting low ductility of the solidified shell dur- 
ing the early part of the pour causes the shell to tear 
rather than yield. The initiation of deep hot tearing 
of the outer shell, however, during the first minute or 
so, after the start of pour, is unlikely as discussed later. 

Only w? and (tm + t) of Eq. | can be controlled, 
since the radius of the castings is fixed. Experience has 
shown that reducing the speed of rotation appreciably 
below 1000 rpm in 8 to 20-in. diameter chill molds 
prevents rapid distribution of metal over the entire 
length of the mold. At slower speeds, the metal tends 


ducted on the solidification of steel in ingot molds has 
shown that the value of the constant, K, in the theoret- 
ical solidification formula developed by Feild is ap- 
proximately 0.84 during the first period of solidifica- 
tion for square ingot molds of similar sizes. This equa- 
tion takes the form 




































Strength of Solidified Sheil—Investigations*® con- 


oe 

dT 2\/T 

Where t — Depth of solidification from mold wall, 
in. 


the rate of solidification is 







Fig. 2—Pressure acting to produce hot tears. 
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T = Time elapsed after start of pouring, min 
K = Constant dependent upon ingot pour- 
ing temperature, analysis, etc. 


Since centrifugally cast tubes have a round rather than 
square cross section this value of K is probably slightly 
higher than for tubes, but this difference is not be- 
lieved to be appreciable. It is apparent also that the 
solidification rate is very fast at first and drops rapidly 
with increasing time. 

Data are available on both the strength of steels at 
high temperatures from the work of Hall® and the 
temperature of the solidifying shell of some steel tubes 
cast in heavy walled chill molds.*?; Work conducted 
with nickel, chromium, and nickel-chromium steels 
show that these alloy steels have the same or lower 
strength and ductility than plain carbon steels at ele- 
vated temperatures.*:+ The curves of temperature of 
the solidifying shell versus time after start of pour indi- 
cate that the outer surface of a 17-in. diameter tube 
dropped below the hot tearing range in 8 min and a 
7.5-in. diameter tube was below the range in 4 min. 
The difference in the temperature of the outside solidi- 
fied shell of different size ingots, at the same time after 
the start of pour, is to be expected even though the 
thickness of the shell is the same, since the amount of 
heat that is to be abstracted per unit surface area of 
mold wall increases with increasing section size of 
ingot. By the proper combination of these tempera- 
ture versus time and strength versus temperature data, 
it is possible to plot the strength per square inch of the 
steel shell on a 17-in. and 7.5-in. diameter tube against 
the time after start of pour as shown in Fig."3. 

Examination of the rapid increase in strength with 
time shown in Fig. 3 confirms the belief that failure of 
the shell must occur during the earlier part of the cast- 
ing process. It is further evident (and confirmed by 
actual experience) that the larger castings have a 
longer period of susceptibility to hot tears. 

Mathematical expressions that have been computed 
to fit the curves shown in Fig. 3 are: 


for the 17-in. diameter tube 
S = 35 (T-5)' + 60 (T-5) + 1600 . . Eq. 3a 
for the 7.5-in. diameter tube 
S = 122T¢ — 1300T5 + 4874T* — 6134T? — 4854T? 
ee |. eee eee eee Eq. 3b 


Where S is the strength of the solidified steel shell 
in psi. 


The internal pressure subjects the solidified shell of 
metal to a tangential tensile stress commonly desig- 
nated as “hoop tension.’ Since hot tears occur while 
the thickness of the shell is small compared with its 
diameter, the intensity of the stress is fairly uniform 
across the wall of the shell. The centrifugal force is so 
large compared with gravitational force for the speeds 
of rotation used that it seems permissible to consider 
the pressure uniform over the entire surface. There- 
fore, the “boiler” formula is used as an approximation 
during the period of greatest susceptibility to hot tears. 
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Fig. 3—Strength of solidified shell vs time after start of 
pour for various diameters of casting. Curve compiled 
from work of Hall’ on a 0.26% plain carbon steel and 
available temperature data on 17-in. and 7.5-in. diame- 
ter tube.’ 


This expression is: 


Calculation of the actual stresses on the solidified 
shell due to centrifugal force show a slightly higher 
value on the inner than on the outer surface. It is 
believed, however, that irregularities such as small cold 
shuts and rough areas on the mold surface produce 
stress concentrations that initiate failure on the outer 
ring. This theory is substantiated by the fact that any 
tears that did start at the inner face would probably be 
filled with molten steel. 

Rate of Pour—Rate of pour* or rate of deposit is 
another variable effecting hot tearing that must be 
evaluated. Considering a unit length of mold and 
assuming perfect distribution of molten metal within 
a nontapering cylindrical mold the following equation 
is obtained: 


= 2rRed (tm+t)...... Eq. 5 
dT 
where q = weight of metal deposited, lb per in. of 


mold length per min. 


Mathematical Solution and Graphical Representation 
of Equations—By combining Eq. | through 5 and dif- 
ferentiating Eq. 3a and 3b with respect to T in order 


* It is assumed that the effect of rate of pour is approximately 
equivalent to the effect of the rate of deposit. This assumes that 
the molten metal flowing down the mold from the pouring end 
does not rotate at speeds close te the speed of rotation of the 
mold until this molten metal is located at its final position. Such 
an assumption appears to be partially justified. 








EXPRESSION= RN? x 10-8 
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io equate (tm + t) to d(tm + t), the following ex- 
dT 

pressions for g are obtained with units in inches, 

pounds, minutes, and rpm: 


for a 17-in. diameter 


q RN? = 5 (49T* — 525T? + 1611T — 615) 
Kg 4a V/ T 





for a 7.5-in. diameter 
qRN?= |! (1586T® — 14,300T® + 43,866T* 


Kg 4r\/T 
~ 42,938T% — 24,270T? + 54,069T — 10232) ..Egq. 6b 





It is noted that Eq. 6a and 6b have T as the only 
variable on the right-hand side. In addition, the ac- 
celeration of gravity, g, is a constant and K is assumed 
to be constant (0.84 for the short times and chill molds 
considered). Then, by substituting the numerical 
values for K and g in the expression q RN? and keep- 

Kg 
ing the units in inches, pounds, minutes and rpm, we 
obtain the following: 





for a 17-in. diameter 





q RN? = 58423680 (49T? — 525T? + 1611T — 615) 
4n\/T 


for a 7.5-in. diameter 
q RN? — 11684736 (1586T* — 14,300T® + 43,866T* 
VT 
—42,938T* — 24,270T? + 54,069T — 10232) ...Eq. 7b 


Now, the expression on the left-hand side of Eq. 7a 
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Fig. 4—Maximum value of product of pouring rate, 
inside diameter of mold, and square of speed of revolu- 
tion without hot tearing vs time after start of pour 
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Fig. 5—Maximum pouring rate without hot tearing 
for 7.5-in. and 17-in. diameter castings vs time after 
start of pour with a constant assumed speed of rotation. 


and 7b can be plotted as a function of time after start 
of pour by substituting various numerical values of T 
into the right-hand side of Eq. 7a and 7b and solving 
for this expression. These computations have been 
carried out and the results plotted in Fig. 4. From 
Fig. 4, it is possible to determine the maximum per- 
missible value of the ordinate without hot tearing at 
any time during casting except immediately after the 
start of pour. The use of Fig. 4 is, of course, limited to 
the diameters (7.5 and 17 in.) for which temperature 
data are available and by the assumptions made. 

It is noted that K could have been included in the 
ordinate in Fig. 4 by employing Eq. 6a and 6b for the 
plot. In the event that other casting conditions have 
different values of K, it is believed that a similar ap- 
proach to the determination of hot tearing susceptibil- 
ity can ce used with a different K. 

Examination of Fig. 3 and 4 illustrate that the per- 
missible value of the expression gq RN? is a minimum 
when the strength is increasing most slowly with time. 
During this particular period in the casting cycle, then, 
the greatest susceptibility to hot tears occurs and the 
variables must be controlled within close limits at this 
time. 

Since the radius of the mold, R, is fixed and speeds 
of rotation of at least 1000 rpm must be employed to 
spread the molten metal properly, the value of this 
ordinate is controlled principally by regulating the 
pouring rate. To clarify the use of Fig. 4, a constant 
speed of 1200 rpm has been assumed for the 17-in. 
diameter casting and another graph plotted in Fig. 5. 
The ordinate of this graph is simply q, the maximum 
permissible pouring rate without hot tearing, in 
pounds of metal deposited on an inch of mold length 
in | min. The abscissa is the time in minutes after the 
start of pour. A similar procedure was followed for the 
7.5-in. diameter casting with an assumed constant speed 
of rotation of 1400 rpm and this curve also appears in 
Fig. 5. The maximum permissible rate of pour can be 
plotted, in this manner for any given size tube and 
speed of rotation providing the temperature data for 
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the solidified shell are available and the validity of 
the assumptions are considered. 

The mathematical and graphical representation of 
functions of the rate of pour and other variables in 
terms of the time after the start of pour contained in 
Eq. 6 and 7 and Fig. 4 and 5 are based on several 
assumptions including those used to obtain Eq. 5. It 
was assumed in Eq. 5 that the metal is uniformly dis- 
tributed along a non-tapering, cylindrical mold and 
that the metal moving down the mold was not rotating 
with the mold. The extent to which these assumptions 
affect the accuracy of the analysis depend greatly upon 
the dimensions of the casting. If the tube is relatively 
short and has little taper, the assumed uniform distri- 
bution and cylindrical mold will be more closely ap- 
proached. On the other hand, in a long, steeply tapered 
mold (particularly with the larger diameter at the 
pouring end), the metal will tend to concentrate at 
one end during the early part of the pour. It is also 
true that raising the pouring end of the machine dur- 
ing pouring will aid in the longitudinal distribution 
of the molten steel. 

The permissible pouring rate versus time after the 
start of pour obtained from Fig. 5 for any given radius 
and speed of rotation can be applied best by consider- 
ing an “effective length” of casting over which the dis- 
tribution is essentially uniform. The permissible rate 
of pour obtained from this figure is then multiplied by 
this effective length rather than by the entire length of 
the tube. The smaller the ratio of casting diameter at 
the pouring end to casting diameter at the nonpouring 
end (this ratio can be made less than one if desired) , 
the shorter the length of tube, and the more effectively 
the pouring mechanism attains uniform distribution 
of the molten steel, the closer the effective length ap- 
proaches the entire length. Insufficient data are cur- 
rently available to express the quantitative influence of 
these variables. However, some empirical results based 
on experience at Watertown Arsenal serve to give an 
approximation of the effective lengths under various 
conditions. Considering a range of tube diameters 
between 7.5 and 17 in., the effective length of a 140-in. 
long tube appears to vary from about 70 in. to 35 in. 
as the ratio of diameters increases from 0.75 to 2.0. 
Such variations of effective length influence appreci- 
ably the permissible pouring rate without hot tearing. 
At present some experimental work for the particular 
casting under consideration is required before the 
elfective length can be predicted accurately. 

It is also evident that the molten metal moving down 
the mold from the pouring end rotates with the mold, 
although at some lower speed. This fact differs from 
the conditions assumed in Eq. 5. Therefore, the metal 
moving down the mold exerts a pressure on the solidi- 
fied shell. ‘This added, pressure influences the effective 
length and tends to produce hot tears in the sections 
of the tube nearer the pouring end. 


General Considerations 


The rate of pour is actually controlled by regulating 
the height of metal in the pouring box and the diame- 
ter of the converging refractory nozzle used, according 
to the following formula: 
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q = Cae V2gh 


Where gq = Rate of Discharge or rate of pour, | 
per min 
C = Coefficient of Discharge of nozzle, d 
mensionless constant. 
a = Area of orifice, sq in. 
g = Acceleration of Gravity, in. per min? 
h = Height of metal in pouring box, in. 


Experiments conducted at this Arsenal with molte: 
steel, the usual pouring box, and the converging 1 
fractory nozzle employed for horizontal centrifuga! 
casting have shown the coefficient of discharge to b 
approximately 0.8. 

The conditions existing within the mold during the 
initial period of pouring are worthy of consideration. 
The strength of the solidified shell is low (see Fig. 3) 
and the rate of solidification so high that it exceeds 
any reasonable rate of pour. Therefore, no molten 
metal layer is present within the shell and the force on 
the shell is produced by the sheli itself. When this 
shell is very thin and at a high temperature it may 
fail because of the centrifugal force. The following 
layers of molten metal, however, solidify within these 
tears and, provided the rate of pour is not excessive, 
the strength of the shell increases until it is able to re- 
sist the pressure. The formation of incompletely fused 
surfaces or small cold shuts near the outer surface of 
the tube are unavoidable during this time. By the 
selection of the proper rate of pour, the depth of these 
cold shuts can be kept small without producing serious 
hot tears. 

When the temperature of the outside shell has 
dropped below the hot tearing range, it is no longer 
necessary to consider the magnitude of the internal 
pressure because of the increased ductility and strength 
of the steel shell. During this latter stage of the pour 
(8 min after the start of pour on large and 4 min on 
small tubes) the pour can be rapid and the speed of 
rotation high without tearing. The mechanism used 
for pouring and the possibility of increasing segrega- 
tion, however, usually dictate a moderate pouring rate 
during this period. 

The foregoing paragraphs are in substantial agree- 
ment with production experience at Watertown. When 
such a rate of pour and speed of rotation are used that 
a high stress was applied to the thin-walled, solidified 
shell, hot tears occurred frequently; when these stresses 
were maintained at a low level until this shell had 
become fairly thick, however, little difficulty was ex- 
perienced from this type of defect. 

In addition to the radial hot tear parallel to the 
longitudinal axis of the mold, some difficulty is ex- 
perienced with transverse hot tears. This defect has 
been shown to be the result of restricting the longi- 
tudinal shrinkage of the casting in a similar manner 
to that reported for static sand castings. The longi- 
tudinal shrinkage can be restricted by having both ends 
of the casting fastened to the end seals or by fins of 
metal projecting from the casting into recesses along 
the length of the mold. The susceptibility of the solidi- 
fying and cooling steel to tearing requires a smooth 
mold surface and greatly increases difficulty of pro- 
ducing a sound tube with abrupt changes in diameter. 
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DISCUSSION 

Chairman: Cxuas. Locke, Armour Research Foundation, Chi- 
cago 

Co-Chairman: C. H. Loric, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

N. A. Bircn (Written Discussion)" A number of simplifying 
assumptions are utilized and I was particularly interested in the 
concept of “effective length.” “Effective length” in this case 
appears to be the factor with which one must be familiar in 
order to make the theory fit the facts. 

Am I correct in visualizing “effective length” as that portion 
of the casting which is in the critical stages of metal flow and 
solidification? For example, in pouring a tapered tube from the 
large end, I visualize the effective length as an increment at the 
large end to begin with, and a little later during the pour, as a 
portion further up the tube. If this is so, then I would imagine 
the effective length would change during pouring and we need 
a graph of effective length versus time. Most of us are con- 
cerned with cylindrical rather than tapered tubes and effective 
length, once known, would probably remain constant. 

Have the authors any comment on the effect of vibration on 
initiating failure of the hot, weak, first-solidifying shell? With 
a massive mold spinning in excess of 1000 rpm, I believe vibra- 
tion (and particularly vibration which runs through periods of 
resonance) is an uncontrolled variable which may promote 
cracking even with controlled maximum pouring rates. 

Mr. WALLACE (Author's Reply to Mr. Birch): Mr. Birch has 
visualized the correct significance of effective length. The molten 
metal tends to accumulate at the pouring end of a centrifigally 
cast tube when the diameter of this tube is larger at this end. 
The molten metal is, in effect, being added to a tube of shorter 
length. Therefore, the rate of accumulation of a thickness of 
molten steel is faster than would be the case were the metal dis- 
tributed over the entire length. It is also apparent that the 
effective length may vary with time. The effective length be- 
comes closer to the total length when the distribution of the 
metal is more uniform. As mentioned by Mr. Birch, this latter 
condition occurs with cylindrical rather than tapered tubes. This 
accumulation of metal at the pouring end of tapered tubes 
poured at the larger diameter end is an actual occurrence, how- 
ever, and is not merely inserted to make the theory agree with 
the observed behavior. 

Little information is available to us on the effect of vibration 
on the tearing or cracking of castings or on the stress produced 
in the tube. It may well be that vibration does influence these 
tears. Certainly, there is ample evidence that vibration produces 
segregation in centrifugal castings. It seems, however, that much 
of this vibration would be absorbed by the damping capacity of 
the hot solid and molten steel. 

C. K. Donono:? We have encountered similar difficulty in 
pouring thick-walled centrifugal castings in sand-lined molds, 
and we have arrived at a similar solution although we possibly 
have not analyzed it as thoroughly. There is one point I was 
unable to understand in Eq. 1 where the author worked out the 
pressure due to the liquid metal. He had a factor for thickness 
of solidified shell. When we worked that out in our formula the 
thickness of the solidified shell did not enter into it. It was only 


1 Process Metallurgist, American Brake Shoe Co., Mahwah, N. J. 


455 


the diameter and the thickness of liquid metal to give pressure 
on the solidified shell. I was unable to understand why and 
how that factor came in. 

Mr. WALLACE: There certainly is ample room for confusion 
in this matter. Actually, Eq. 1 measures the effective internal 
pressure and is the sum of the centrifugal force due to the rota- 
tion of the solidified shell and the pressure exerted upon this 
shell by the molten metal. The solidified shell really exerts a 
force on itself but this is computed as an effective internal 
pressure. Thus both can be reduced to pressure units and calcu- 
lated in a single equation. This approach has the advantage of 
simplifying the mathematics to some extent. 

Mr. Donouo: The author probably combined in one equa- 
tion factors for which we used two equations. We figured hoop 
stress of the solidified portion in one equation and the pressure 
due to the liquid portion in another. 

J. D. Wozny:* Did the author notice any effect of composi- 
tion on promoting hot tears? Would not the initial pouring 
temperature have some effect in determining the strength of the 
solidified shell after so many minutes of pouring and displace 
the curves to the right? 

Mr. WALLACE: Both the initial pouring temperature and the 
analyses of the melt would influence the curves shown in Fig. 3, 
4 and 5. Any element which lowered the strength of the solidi- 
fied shell would increase the susceptibility to hot tearing. How- 
ever, high alloy steels can be successfully centrifugally cast. It is 
also true that the higher the pouring temperature, the weaker 
the solidified shell will be at any given time. We have not con- 
ducted a quantitative analysis of these variations so I cannot 
supply any definite data at this time. 

Mr. Donowo: There is one other factor that has not been 
emphasized which is important particularly for somewhat thinner 
tubes in the order of 1 in. thick. We have accomplished some- 
thing of the same result by varying the spinning speed. That is, 
you can pour | in. thick tubes fairly rapidly using a spinning 
speed that will give you 60 to 75 times gravity centrifugal force 
to effectively put the metal on the wall. Once it is on the wall, 
you can cut the spinning speed even down to 10 or 15 times g 
and still hold it on the wall. We use this for thinner tubes. We 
cast at about 60 g and immediately after we finish pouring, cut 
back the speed rapidly, and in that way avoid hot tearing. 

Mr. WALLACE: It is true that the high speeds are necessary 
to accelerate the metal up to the speed of the mold so that it is 
properly distributed. The difficulty we have experienced with 
heavy-walled castings is that hot tears were initiated before the 
molten metal was completely up to speed and therefore before 
the speed of rotation could be reduced. 

H. H. JoHNson:* Are you concerned entirely with casting 
against a metal chill, or do these same formulae hold if you cast 
against sand, for example? I am thinking in terms of casting 
street car wheels where we know that hot tears are prevalent 
when we cast against the steel chill but become less prevalent 
when we change over to a sand mold under otherwise presum- 
ably identical conditions. What is effect of chilling medium? 

Mr. WALLACE: We have no definite information on sand- 
lined molds since all of our recent work has been on heavy- 
walled castings produced in chill molds. There was a small 
amount of castings of heavy-walled tubes in sand molds con- 
ducted at Watertown during the early development of the 
process. These early castings were very slow to solidify and 
contained a large number of deep hot tears. This appears to be 
what one would expect since the k or thermal conductivity of 
the mold is lower, the temperature of the shell higher, and the 
shell is, therefore, weaker for a longer period of time. We have 
had some experience with a thin sand lining within a chill mold 
similar to that which the Germans used, and this material did 
not seem to have a large insulating effect, but permitted the 
chill mold to cool the casting rapidly. 

Mr. DoNoHO: We made some tubes both in the chilled mold 
and in the sand-lined mold, and they are much less susceptible 
to hot tearing in the sand-lined mold. We attribute it more or 
less to the fact that when you pour molten steel in the sand 
lining, the sand gets hot and begins to expand and to follow 
the steel. There is generally less susceptibility to hot tearing in 


the sand lining than in the chill mold. 


2 Chief Metallurgist, American Cast Iron Pipe Co., Birmingham, Ala. 
% Research Metallurgist, American Steel Foundries, East Chicago, Ind. 
* Metallurgist, National Malleable & Steel Casting Co., Sharon, Pa. 








THERE IS NO GREATER SINGLE FACTOR On which 
satisfactory foundry operation depends than the pat- 
tern equipment used. This is true from a financial as 
well as a physical standpoint. 

The greatest single factor in producing satisfactory 
pattern equipment is the adequacy of information 
about which pattern equipment is built. To qualify 
this statement we must define satisfactory pattern 
equipment. A satisfactory pattern is one which will 
take its place as part of the foundry to produce a cast- 
ing or castings of acceptable quality. The question of 
cost should include the entire operation, the original 
pattern cost, the probable maintenance cost, and the 
casting cost. 

This necessary information is important at two 
points in the process. First in the quotation stage, and 
second in the actual building of a job. The designing 
of this pattern equipment should not be one of the 
functions of the patternmaker. His services should cer- 
tainly be utilized, and any information he may con- 
tribute will no doubt be of value. The foundry with 
the greater knowledge of its own need should bear the 
responsibility of deciding on specifications. 

The writer has heard much criticism directed at the 
patternmaker, who through lack of information, has 
built a production freak. These remarks are not al- 
ways justly aimed. In actual practice it is sometimes 
difficult, due to the reticence of some foundrymen, to 
get specific information. Better working patterns at 
lower cost could be accomplished if the patternmaker 
quoted or built his work only to the specifications of 
the foundry. Let me repeat, this information is neces- 
sary to quote as well as to build a pattern. The writer 
would classify this information in three major head- 
ings: the molding, the production requirements, and 
the rigging information. 

Molding 

That part of the specification of the pattern which 
we consider as the molding will remain about the same 
whether this casting is to be made in quantity or in a 
small run. It should be obtained from the foundry 
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although in actual practice it is usually obtained by 
the patternmaker through the cooperation with the 
foundry. No matter to what extent the pattern will be 
used or in what form this is accomplished, the parting 
line should be clearly defined on the blueprint. Cores 
should be marked as such, parting lines of cores, 
marked core prints, core surfaces requiring grinding, 
allowance for grind, drying surfaces where possible or 
necessary, loose pieces or driers, and when possible pin 
centers and the size of flask could be marked on this 
original layout. 


Production Requirements 


This item should cover design of the pattern equip- 
ment so that this pattern will satisfactorily produce at 
lowest cost the number of castings required. The in- 
formation in this classification would be: the type of 
material the patterns are to be made of—aluminum, 
cast iron, or brass; materials to be used for core boxes, 
rubbing fixtures, core setting gages, and core setting 
fixtures if necessary; how these pieces of pattern equip- 
ment are to be used; how the cores are to be rubbed or 
ground; how the cores are to be assembled and placed 
in the mold; and any information which is necessary 
to determine the types of material or workmanship 
necessary to produce a given number of castings pet 
hour or per day. 


Rigging 

This should complete all of the information neces- 
sary. The heights of the core boxes that will fit under 
the blowing machine, the bolt centers on core ma- 
chines, the molding machines, the core grinding ma- 
chine heights, and the methods to be used in handling 
patterns if they are of a size which will necessitate ma- 
chine handling. 

One of the most satisfactory methods we have eve! 
experienced and the most foolproof is that of outlining 
each core on each view of a drawing, numbering this 
core and writing step by step each move in the sub- 
assembly of cores and then the placing of these cores or 
sub-assemblies of cores in the molds. This method will 
cover all of the three points with very little additional 
information and is a logical procedure. It also is a use- 
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ful and understandable method of organizing informa- 
tion to be used in any phase of the job planning 
process. 

All the foregoing information is necessary to pro- 
duce a satisfactory pattern. If the writer were a pur- 
chaser and received a quotation on pattern equip- 
ment from a source who had not received this infor- 
mation, he wou!d be very skeptical of their ability to 
produce. 


DISCUSSION 


Chairman: A. F. Preirrer, Allis-Chalmers Mfg. Co., Milwau- 
kee. 

Co-Chairman: H. K. Swanson, Swanson Pattern & Model 
Works, East Chicago, Ind. 

L. F. Tucker:* The author states in his paper: “The design- 
ing Of this pattern equipment should not be one of the func- 
tions of the patternmaker.” This statement is contrary to what 
we are advocating today and what the pattern shop is trying to 
accomplish. It should be the patternmaker's responsibility with 
the cooperative effort of the foundryman. However, the initia- 
tive should be taken by the patternmaker. 

MEMBER: A man purchasing pattern equipment may not 
know where the castings will be made. He wants pattern equip- 
ment that will give him the most economical run in the foundry. 
I think the design of the pattern equipment should be the re- 
sponsibility of the man purchasing the patterns because he is 
the one who will pay the price of the castings made therefrom. 

Mr. Tucker: No firm should order pattern equipment for 
production castings until after they have established the source 
of those castings. You cannot make satisfactory production 
pattern equipment without first knowing the molding equipment 
on which these patterns are to be used. 

MEMBER: There are no two foundries that have the same 
type of molding equipment and perform their operations in the 
same manner. The problem of pattern design, therefore, is not 
the patternmaker’s responsibility but the pattern purchaser’s 
responsibility. He should submit to the pattern shop a design 
that will result in the most economical casting production in any 
foundry that could produce them. He may have a selection of 
perhaps as many as 25 different foundries that could produce 
that casting economically. That is the thing our pattern shops 
have to look forward to. They cannot make a pattern for a 
specific foundry because it may not be adaptable to the molding 
equipment of another foundry. 

Mr. Tucker: You say that no two foundries have the same 
molding equipment and perform their operations in the same 
manner. How can you anticipate which foundry he will give the 
job to and which foundry to make the pattern equipment for. 

CHAIRMAN PFEIFFER: During the last war we made some 
small high pressure cylinder castings in four different foundries. 
When we first contacted these four foundries they all had dif- 
ferent ideas on how this casting is to be produced but we finally 
got all four to make it one way on similar equipment. The pat- 
terns were made to fit into any of these four different foundries. 

After we got the pattern equipment and the molding equip- 
ment standardized we worked on the gating and risering of the 
casting. When one foundry encountered a problem in making 
this casting the other three foundries benefited from the ex- 
perience of that foundry. 

Mr. Tucker: I maintain that it is one of the functions of 
the patternmaker to help design the pattern equipment, of 
course, with the cooperation of the foundryman. 

M. C. FRANKARD:* The pattern group of the Wisconsin Chap- 
ter in Milwaukee invited the purchasing agents of our territory 
to attend one of our Chapter meetings. We were surprised by 
the apparent lack of interest shown and by so few purchasing 
agents who responded to our invitation. 

The reason they were invited to attend this meeting was to 
see if we, as a combined group, could possibly work out some 
standard methods or procedures, which pattern purchasers could 
use when asking pattern manufacturers to submit quotations on 
new equipment. 
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Purchasing agents, as a rule, do not have the technical train- 
ing to design pattern equipment best suited for use in the 
foundry. We, therefore, think that they should first determine 
which foundry is to produce the required castings. It then 
becomes the duty of both the patternmaker and the foundry- 
man to cooperate in designing the best pattern equipment suit- 
able to meet all the casting requirements. This procedure is a 
“must” especially when patterns are designed for high pro- 
duction in our modern mechanized foundries. 

MEMBER: In connection with match plates, I feel that the 
foundries ought to handle the gating and risering themselves 
because different foundries have their own ideas on that. 

CHAIRMAN PFEIFFER: Before we have a match plate made we 
send a blueprint of the casting to the foundry and have them 
indicate on the drawing how they will gate and riser the job. 
It is a function of the foundry to do this. The foundryman 
marks up the blueprint and the match plate is made accordingly. 
In many cases we do not put gates on match plates. 

A. S. KLopr:* I agree that there must be a closer cooperation 
between the foundry and the pattern shop and that both must 
educate the purchaser of the patterns. 

In regard to gating, I feel that no match plate or cope and 
drag work should be made with cast gates. I think all patterns 
should be made with removable gates and that all gating should 
be done by the foundry. If the foundry can cooperate with the 
patternmaker and have him gate the plate that would be fine. 

Mr. Tucker: That is true, if we are making patterns for a 
captive foundry, which orders patterns for its own foundry. 
Then we are justified in having cast on gates. However, where 
a job is to be placed in a jobbing foundry and may be trans- 
ferred to another foundry then the gates should not be cast on. 
This is true especially in the case of malleable foundries most 
of whom insist on removing the gates when the pattern leaves 
their foundry. 

A. H. Trapp:‘ Is that not true even in manufacturing plants 
where they make their own pattern equipment used in their own 
foundries that they have a lot of trouble with their gating? Jobs 
that a year or even six months age worked well, today do not 
produce a good casting, perhaps because of a difference in metals. 
I know we have a lot of trouble that way. There are jobs that 
have been run for many years and in the last year we have 
changed the gating and risering as many as a dozen times. That 
perhaps is no reflection on the foundry but it is a fact and 
causes a lot of rework on our jobs. 

We do not believe in casting gates on match plates. 

It is the sole responsibility of the foundry to tell us what 
they want in pattern equipment design. We make suggestions 
and work with them. We do the work for them only as they 
specify. 

Furnishing of specifications before buying or manufacturing 
patterns must be the responsibility of the foundry. After all, 
the foundry is going to use them for years, whereas the pattern 
shop makes them once and may not see them for years. 

In our plant the drawing goes to the pattern shop with a 
job methods card. The pattern engineer marks up the drawing 
in a way that he feels would make the best job for the foundry. 
It then goes to the foundry for suggestions and comment. 

It is only natural that the patternmaker go to the foundry 
and try to work out the pattern design with the foundryman. 
After a certain pattern design is decided upon at our plant the 
job then goes to the timestudy personnel and then back to the 
foundry for their costs estimate and then back to the pattern 
engineer for an estimate on the pattern. This procedure con- 
sumes much time. A complicated job that might run pattern 
costs up to $50,000 sometimes takes months before a job is 
ready for production. 

I feel that it is the responsibility of the foundry to decide on 
the pattern design. The patternmaker should certainly work 
along with the foundryman in deciding on the best design. How- 
ever the pattern equipment is going to be built to function in 
the foundry so the foundryman should have a greater voice in 
the matter than the patternmaker. 

G. E. Garvey:* To correct this situation we must start at the 
source, the man who purchases the pattern equipment. We 
must stress to him the need to arrive at the source of these cast- 
ings, the foundry in which these castings are to be made, due 
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to the fact that it is almost impossible to produce pattern equip- 
ment that is interchangeable with all foundries. Some reasons 
are shrinkage and type of molding equipment. 

From the purchasing agent’s standpoint he probably could 
save five or ten cents on each casting, but he would spend $5,000 
more on pattern equipment. Is it fair to let the pattern shop 
produce a $1,000 pattern in place of a $3,000 pattern and then 
expect the foundry to use it to save ten cents per casting using 
the cheaper pattern equipment? 

You should try to persuade the purchasing agent to definitely 
decide on the foundry that is going to produce that casting 
before the pattern shop submits his quotation. 

MEMBER: I am not a believer in cheap patterns but where 
it cuts the cost of a casting to the extent of five cents per casting 
and it costs $2,000 more for the pattern, that $2,000, especially 
if you buy large quantities of castings, will absorb that extra 
five cents per casting in perhaps six months. 

There is nobody better qualified in the industry than the 


REQUIRED PATTERN EQUIPMENT INFORMAT iON 


patternmakers to be pattern engineers. It is our job to co ult 
the foundry to see what their requirements are, but the foun ‘ry- 
man is not as well qualified to design the pattern in the © rst 
place as the patternmaker. I do not believe the patternm. ker 
should be arbitrary in his views if he can be shown by his 
timestudy personnel where certain equipment is overburd« ied 
in the foundry and certain equipment cannot be used in ‘hat 
particular machine, arrangements should be made to make the 
pattern to suit other equipment. 

About two years ago we had a paper presented by a pur- 
chasing agent. (See A.F.S. TRANsAcTIONs, vol. 55, pp. 204—207, 
1947). He seemed to think we should make the pattern equip- 
ment flexible so it could be used in every foundry. If all found- 
ries were alike and had the same kind of equipment in them, it 
would be well, but they do not have it. 

We never cast a gate on a pattern. Being unable to buy the 
kind of iron that we wanted to six months or a year ago the 
gating had to be changed due to the conditions that exist. 
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GROWTH AND SCALING CHARACTERISTICS 
OF HIGH-SILICON CAST IRON 


By 


W. H. White * and A. R. Elsea ** 


THE PERMANENT, NONREVERSIBLE INCREASE IN 
volume that gray cast iron undergoes when subjected 
to alternate heating and cooling or prolonged holding 
at elevated temperatures, commonly known as growth, 
nas been the subject of many investigations and tech- 
nical papers.t However, there has been considerable 
disagreement among investigators as to the actual me- 
chanism of growth and as to the specific effect of silicon 
upon the growth resistance of cast iron. Some investi- 
gators such as Rugan and Carpenter,!!:!2 Campbell 
and Glassford,'* Andrew and Hyman,'® and Benedicks 
and L6fquist,'* consider a high silicon content to be 
harmful from the standpoint of growth. On the other 
hand, Norbury and Morgan,”° Mitsche and von Keil,?? 
and Thyssen”? contend that high-silicon irons are more 
resistant to growth than are low-silicon cast irons; and 
in 1928, The British Cast Iron Research Association 
applied for a patent covering irons with fine graphite, 
containing over 4 per cent silicon, to resist growth. 


Theories of Growth Mechanism 


Many theories concerning the growth mechanism 
have been postulated, but most of them have been 
disproved by specific tests. For example, Outerbridge! 
and Rugan and Carpenter'!:!* contended that growth 
will not occur unless cast iron is alternately heated and 
cooled, that is, heating alone, even if prolonged, will 
not result in growth. However, Campbell and Glass- 
ford’® showed that when gray iron was subjected to 
superheated steam at 425 C for 30 days, its volume in- 
creased somewhat. Ouiterbridge!® as well as Okochi 
and Sato! concluded that growth resulted from the 
pressure of occluded gas. 

However, if this theory is to be accepted, it is neces- 
sary to prove that gases can diffuse into the iron at low 
temperatures and that at high temperatures the iron 
is not permeable to these same gases. In attempting to 
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+ Numbers refer to bibliography at the end of the paper. This 
bibliography contains references to most of the technical papers 
and reviews on the subject of growth of cast iron. 
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prove this theory, Kikuta’® measured the flow rate of 
gases through the walls of hollow cast iron cylinders at 
successively higher temperatures. He found that the 
permeability of cast iron increases up to 600 C and 
then diminishes slightly, but that there is only a slight 
difference in permeability at different temperatures up 
to 900 C. He concluded that gases could escape from 
the iron before building up sufficient pressure to cause 
deformation. 

The most reasonable theory explaining growth is 
the one first offered by Kikuta,!® and later accepted by 
Benedicks and Léfquist,1* in which the irregular ex- 
pansion and contraction of the iron on heating and 
cooling through the critical temperature range are 
held responsible for the increase in volume. The trans- 
formation of ferrite to austenite is accompanied by a 
contraction, and conversely, the transformation of aus- 
tenite to ferrite is accompanied by an expansion. Upon 
heating a cast iron bar, the surface layers reach the 
transformation or critical temperature before the in- 
ner portion, and in transforming, these surface layers 
contract, setting up high compressive stresses in the 
core and high tension stresses in the surface layers. The 
presence of graphite weakens the iron in tension so 
that rupture occurs in the surface layers. Upon further 
heating, similar ruptures form in the inner portion of 
the bar as the critical temperature is reached. Upon 
cooling, the bar contracts in a normal manner until the 
critical temperature is reached, at which time a sharp 
expansion occurs. The thermal gradient across the 
bar causes the surface layers to reach the critical tem- 
perature before the core, setting up compressive stresses 
in the outer layers while the core is subjected to tension 
stresses. This results in the bar again being slightly 
elongated, either by the formation of more internal 
ruptures or by enlarging those already formed on heat- 
ing. The presence of oxidizing gases is considered to 
be unnecessary for growth, but will greatly increase 
the amount of growth if they are present. 


The present investigation, conducted under the 
sponsorship of the Jackson Iron and Steel Company, 
was undertaken with the intention of (1) obtaining a 
better understanding of the growth mechanism, (2) de- 
veloping a superior growth-resistant cast iron that 
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TABLE 1—CHEMICAL ANALYSES AND TRANSVERSE TEST DATA FOR ARBITRATION 
Bars UseEpD IN THE Stupy OF HIGH-SILICON CAsT IRONS 





Transverse Test Data 
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could be produced and cast in the average gray iron 
foundry, (3) bringing to the attention of American 
foundrymen advantages to be gained from use of high- 
silicon cast iron for applications requiring growth 
resistance, and (4) increasing ductility of the inher- 
ently brittle high-silicon cast iron by use of small alloy 
additions. 

Che experimental work for this investigation con- 
sisted of various growth, scaling, and mechanical tests 
on specimens of high-silicon and ordinary cast iron, 
both alloyed and unalloyed. 


Preparation, Chemical Analyses, and Mechanical 
Properties of Test Materials 


Data in the literature indicate that an iron contain- 
ing 5.5 to 6.0 per cent silicon and 2.0 to 2.5 per cent 
carbon should have very good growth resistance, and 
consequently, that base analysis was selected for the 
irons to be studied. 

Since one of the objects of the investigation was to 
develop a high-silicon growth- and scale-resistant cast 
iron that could be produced and cast in the average 
gray iron foundry, the castings made in the early part 
of the investigation were cast from cupola metal. De- 
tailed descriptions of the cupola runs made in connec- 
tion with the study are not included in this paper. It 
is sufficient to say that in order to obtain cupola metal 
of the desired composition (2.0 to 2.5 per cent carbon 
and 5.5 to 6.0 per cent silicon), it was necessary to have 
a charge analysis of 6.5 per cent silicon, the carbon as 
low as practical (near 1.4 per cent if possible), and 
resort to rapid melting to prevent too much carbon 
pickup. After it was established that metal of the de- 
sired analysis could be produced in the cupola, the 
induction furnace was used for melting, because it 
lends itself to the study of a range in composition with- 
out the production of a large amount of excess metal. 
Alloy additions to both the cupola and induction- 
melted iron were made in the ladle during the tapping 
operation. 

The standard 1.2-in.-diam arbitration bar was chos- 
en as the casting from which the various test specimens 
would be machined. Each arbitration bar was identi- 
fied by a number consisting of the cupola run or heat 
number, the ladle or tap number, and a number to 
distinguish it from the other bars cast in the same 
mold. Thus, Bar No. 47-37-2 was cast from Cupola 
Run 47, Tap 37, and was the second of two bars cast 
in a single mold. Throughout this paper each speci- 
men will be designated by the bar number from which 
it was machined. 

All arbitration bars were subjected to transverse 
tess which consisted of centrally loading the bar held 
on supports 18 in. apart, and determining the load 
required to break it. A stress-strain diagram. was ob- 
tained for each test specimen, and from this diagram, 
the deflection at time of fracture and the resilience 
were determined. In most cases, one-half of the broken 
arbitration bar was subjected to an impact test on an 
Amsler impact machine with the anvils set 6 in. apart. 
The Brinell hardness was determined on a disc, about 
¥, in. thick, cut from each broken bar. Table 1 gives 
the chemical analyses, special ladle treatments, and a 
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summary of the mechanical test results for the various 
arbitration bars used in this investigation. 

There are no indications from the mechanical test 
data contained in Table | that the transverse strength 
or impact resistance of the high-silicon cast iron can be 
increased by the use of small alloy additions. In fact, 
there is a tendency for the mechanical properties to be 
lowered by the addition of alloys. 

One of the principal objections to the use of high- 
silicon cast iron is its inherent brittleness as shown by 
the ordinary impact test conducted at room tempera- 
ture. Cast irons designed for high-temperature use 
should be able to withstand the abuse encountered in 
ordinary handling, but they should not be condemned 
if their impact resistance at service temperature is suf- 
ficient to withstand the impact encountered in service. 


Effect of Temperature on Impact Strength 


In order to determine the effect of temperature upon 
impact strength, high-silicon and ordinary cast iron 
bars were subjected to impact tests at temperatures 
ranging from room temperature to 1800 F. The speci- 
mens for these tests were taken from the bars cast from 
Cupola Runs 54 (high-silicon cast iron) and 58 (or- 
dinary cast iron). Eight tests were made on each type 
of iron at each temperature. The tests were conducted 
as follows: Eight specimens (one-half of a standard 
1.2-in.-diam arbitration bar) were heated in a resis- 
stance-wound electric muffle furnace to the desired 
temperature and held at temperature for 45 min, after 
which they were tested in an Amsler impact machine 
with the anvils 6 in. apart. Approximately 5 sec 
elapsed between removal of the specimens from the 
furnace and breaking in impact; consequently, there 
was very little temperature loss. The average impact 
value for each iron at each testing temperature is given 
in Table 2, and these data are shown graphically in 
Fig. 1. From this curve it is evident that although the 
impact strength of the high-silicon cast iron (5.91 per 
cent silicon) is lower than ordinary cast iron at room 
temperature, the curves cross at about 500 F, and at 
higher temperatures the impact strength of the high- 
silicon cast iron is above that of the ordinary cast iron. 
Therefore, the brittleness of the high-silicon cast iron 
is not a problem where service temperatures are over 
500 F. 


TABLE 2—AVERAGE RESULTS OF IMPACT TESTS ON HIGH- 
SILICON AND ORDINARY CAsT IRONS 
AT VARIOUS TEMPERATURES 





Testing Impact Strength, Ft-Lb 


Temperature, High-Silicon Iron Ordinary Cast Iron 
°F (2.29% C-5.91% Si) (3.25% C-1.75% Si) 
Room Temp. 2214 
200 24 
400 29 
600 39 
800 40 3014 
1000 3214 27 
1200 30 28 
1400 5514 3614 
1600 6614 5914 


1800 4714 51 
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Fig. 1—Curve showing impact strength vs testing tem- 
perature for high-silicon and ordinary cast tron. 


Critical Temperature Determinations 


Since there is good evidence from the work of earlier 
investigators that the A,; transformation plays an im- 
portant part in the growth of cast iron, the tempera- 
ture of this transformation was determined for a rep- 
resentative group of the bars listed in Table 1. These 
determinations were made using a Rockwell Bristol 
recording dilatometer with the specimens being heated 
at the rate of approximately 1°F per sec. Table 3 gives 
the bar number, chemical analysis, and A,; tempera- 
ture for the bars tested, while Fig. 2 shows graphically 
the relationship between the silicon content of the iron 
and the A,, temperature. From this curve it can be 
seen that within the range of 5.20 to 6.80 per cent sili- 
con, an increase of 1.0 per cent silicon raises the A,, 
temperature approximately 100 F. 

If, as suggested by Kikuta, it is the irregular expan- 
sion and contraction encountered in passing through 
the critical temperature range that results in growth, 
the high-silicon cast irons containing 6.0 per cent sili- 
con should be resistant to growth at temperatures as 
high as 1700 F. 


Growth Tests 


The growth tests conducted as a part of this investi- 
gation consisted of heating test bars (the length of 
which had been accurately determined) to a prede- 
termined temperature, holding at temperature for a 
definite length of time, and subsequently air cooling. 
After each cycle (or in some cases after each five or ten 
cycles), the lengths of the bars were measured to the 
closest thousandth inch. Two types of test specimens 
were used. The one type was a section of 1.2-in.-diam 
arbitration bar (cylindrical surface unmachined) 10 
in. long; the other type was | in. in diam and 3 in. 
long. A short stainless-steel screw was fitted in each end 
of the growth test specimens, and all length measure- 
ments were made between the ends of these stainless- 
steel screws, thus allowing accurate measurements to 
be made after the bars were heavily scaled. A growth 
test specimen not subjected to the growth cycles was 
used as a standard for the micrometer calipers. 

Growth Tests at 1650 F (4-Hr Cycle)—Growth test 
specimens 10 in. long were prepared from arbitration 


HicuH-SILicon Cast Iron 


bars selected from Cupola Runs 42, 43, 45, and 47, and 
induction furnace Heat 1226. Specimens were aso 
made from Bars G-389, W-10, W-19, W-17, and W356 
to afford a comparison between the growth characte: is- 
tics of high-silicon cast irons and ordinary gray irou. 

In these tests, bars (held in racks as shown in Fig. 3) 
were placed in a cold electric muffle furnace, heated to 
1650 F (4 hr required) , held at temperature for 4 iir, 
followed by air cooling to room temperature, alier 
which they were measured to the closest thousancth 
inch and returned to the cold furnace for another cycle. 
The bars were subjected to 41 such cycles. Figures 4 
and 5 show graphically the results of these growth 
tests. 

In Fig. 4 the curves for the ordinary gray irons 
(G-389, W-10, W-17, W-19, and W-56) represent single, 


TasLe 3—CHEMICAL ANALYSIS AND A,; TRANSFORMA- 
TION TEMPERATURES FOR REPRESENTATIVE Bars 
STUDIED IN THIs INVESTIGATION 











Bar Chemical Analyses, Per Cent A,, Temp., 
Number Cc Si Mn Cu Cr Mo °F 
42-26 2.76 5.56 te 1730 
42-27 2.53 5.89 0.75 1760 
42-29 2.67 5.91 bes 1760 
42-30 2.50 6.71 Bes 1840 
42-34 2.55 6.40 care 1820 
43-29 2.56 5.34 0.76 1710 
43-35 2.35 6.31 0.76 1790 
43-36 2.38 6.06 oe 1770 
45-37 242 5.74 0.75 1760 
45-38 246 SH... 1750 
45-39 2.46 5.68 hw 1740 
47-30 2.30 5.84 0.80 1760 
47-31 2.32 589 2.70 1560 
47-32 2.34 6.48 ve 1820 
47-34 235 619 ... 190 0.48 1770 
47-36 2.31 6.29 -- LR Of 1810 
47-37 2.27 6.07 ate 0.23 0.65 1780 
47-39 2.36 6.00 0.80 1780 
A-1878-A 2.24 5.80 0.88 1730 
A-1878-B 2.22 5.73 0.88 1.11 1730 
A-1878-C 2.22) 5.74 «0.88 = 1.17 0.24 1720 
A-1879-A 3.22 1.66 0.54 1440 
A-1879-B nae ii i. Se 1410 
A-1879-C aa Lisle Jao 0.62 1400 
A-1879-D 3.10 1.59 0.54 1.24 052 1420 
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Fig. 2—Curve showing silicon content vs Ac, tempera 
ture for high-silicon cast iron (unalloyed). 
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Fig. 3—Rack used to hold growth test bars during the 
growth cycle. Spaces between the bars allowed more 
uniform heating. 


growth test bars, while the curves for Bars 43-28, 43-29, 
and 42-26, as well as the curves in Fig. 5, represent 
duplicate specimens. The curve in Fig. 4 for irons with 
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GROWTH CYCLES (4 HOURS AT I65O°F ) 


Fig. 4—Curves showing growth of high-silicon and or- 
dinary gray cast irons of the indicated analyses, sub- 
jected to cyclic heating. Each cycle consisted of heating 
to 1650 F, holding at temperature 4 hr and air cooling 
to room temperature. The test bars were initially 
10 in. long. 
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GROWTH CYCLES (4 HOURS AT I650°F ) 


Fig. 5—Curves showing growth of high-silicon cast 
irons, containing various alloys, subjected to cyclic 
heating. Each cycle consisted of heating to 1650 F, 
holding at temperature 4 hr and air cooling to room 
temperature. The test bars were initially 10 in, long. 
Each curve represents the average of results obtained 
from duplicate specimens. (Note—Vertical scale is not 
the same as in Fig. 4). 


a range in silicon content of 5.62 to 6.71 per cent and 
a range in carbon content of 2.30 to 2.67 per cent rep- 
resents 40 growth test specimens. The curves for these 
40 specimens were almost identical and, therefore, it 
was impractical to show the individual curves. 

It is evident from the curves in Fig. 4 and 5 that the 
high-silicon cast irons are far superior to ordinary cast 
iron from the standpoint of growth. This superiority 
is probably a reflection of the higher A,, temperature 
for the 6 per cent silicon irons since the testing tem- 
perature (1650 F) was above the A,,; temperature for 
the ordinary cast irons and below the A,, for the 6 per 
cent silicon irons. Specimens 43-28 containing 4.88 per 
cent silicon and 47-31 containing 2.70 per cent man- 
ganese grew considerably more than the other high- 
silicon cast irons. The A,, temperatures for these two 
irons are approximately 1650 and 1560 F, respectively, 
which probably accounts for their increased growth 
rate. 

Figure 6 shows several of the growth test bars after 
they had been subjected to 41 cycles at 1650 F. The 
resistance to scaling, shown by Specimens 47-37 and 
47-34, was unexpected. This phenomenon was investi- 
gated further and is discussed later in this paper. 

Growth Tests at 1600 F (1%-Hr Cycle)—Duplicate 
growth test specimens (3-in. specimens) were made 
from arbitration bars cast from Heats A-1878 and A- 
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Fig. 6—Ten-inch growth test specimens after being sub- 
jected to 41 cycles at 1650 F. Bar W-I is an untreated 
standard, shown for comparison. 
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1879. The tests consisted of heating the specimens to 
1600 F, holding at temperature for 114 hr, followed by 
air cooling to approximately 300 F, after which they 
were returned to the hot furnace (1600 F) for another 
cycle. Periodically, the specimens were cooled to room 
temperature and measured. The results of these 
growth tests are shown graphically in Fig. 7. 

Here, as in the previous growth tests, the high-silicon 
irons were far superior to the ordinary cast irons. The 
alloy additions had little effect upon the growth prop- 
erties of the high-silicon irons, but the addition of 1.24 
per cent copper and 0.52 per cent chromium to the 
ordinary cast iron reduced the amount of growth to 


about one-half that of the unalloyed iron. 

Growth Tests at 1300 F, 1500 F, and 1845 F (30-Min. 
Cycles)—Duplicate growth test bars 10 in. long were 
prepared from arbitration bars cast from Heats A-1878 
and A-1879. These specimens were placed in an elec- 
tric muffle furnace operating at a predetermined tem- 
perature, heated to and held at furnace temperature 
for 30 min, air cooled to approximately 300 F, and 
then returned to the hot furnace for another cycle. 
Periodically, throughout the test, the bars were cooled 
to room temperature and measured. A temperature of 
1300 F was used for the first 80 cycles (below the Ac 
temperature for both ordinary and high-silicon cast 
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iron); 1500 F was used for Cycles 81 through 100 
(below A,; for high-silicon irons and above A,; for 
ordinary gray iron); 1845 F was used for Cycles 10] 
through 115 (above A,, for both irons). Figure 8 
shows graphically the results of the growth tests. 

his series of growth tests is very interesting in that 
it throws considerable light on the mechanism of 
growth. The ordinary cast irons when subjected to 
cyclic heating at 1300 F grew for the first few cycles 
and remained constant thereafter. This growth (pri- 
mary growth) was the result of the decomposition of 
carbides (pearlite) below the A,; temperature, and 
when carbide decomposition was complete, no further 
growth occurred. The ordinary cast iron that had been 
alloyed with copper and chromium (A-1879D) grew 
less from the carbide decomposition than the other 
ordinary cast irons, because the chromium carbides 
present were stable at 1300 F. The high-silicon cast 
iron containing copper (A-1878B) grew slightly in the 
first few cycles and then remained constant. As pointed 
out in the section on microstructure given later in 
this paper, the high-silicon irons containing copper 
are pearlitic (see Fig. 17). However, the carbon con- 
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GROWTH CYCLES (1% HOURS AT I600°F) 


Fig. 7—Curves showing growth of high-silicon and or- 

dinary cast iron, containing various alloys, subjected to 

cyclic heating. Each cycle consisted of heating to 1600 

F, holding at temperature for 114 hr, and air cooling. 

Each curve represents the average of results obtained 

from duplicate specimens. The initial length of the 
bars was 3 in, 
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Fig. 8—Curves showing growth of high-silicon and regu- 

lar cast irons, containing various alloy additions, sub- 

jected to cyclic heating. Each cycle consisted of heating 

to the indicated temperature, holding at temperature 

for 30 min, and air cooling. The initial length of the 

test bars was 10 in. Each curve represents the average 
of results obtained from duplicate specimens. 


tent at the eutectoid is considerably lower for the high- 
silicon irons than in ordinary cast irons; consequently, 
there is less combined carbon, and less growth result- 
ing from its decomposition. 

When the temperature to which the specimens were 
heated was increased to 1500 F, the ordinary cast irons 
grew considerably as a result of repeatedly passing 
through the critical temperature range, while the high- 
silicon irons which were still below their critical tem- 
perature range did not grow. Increasing the tempera- 
ture to 1845 F (above the A,,; temperature for all the 
specimens) caused growth in all the specimens. 


Scaling Tests 


An examination of Fig. 6 shows that growth Bars 
47-37 (alloyed with 1.32 per cent copper and 0.49 per 
cent chromium) and 47-34 (alloyed with 1.30 per cent 
copper and 0.48 per cent molybdenum) were not only 
resistant to growth when subjected to cyclic heating 
to 1650 F, but were also quite resistant to scaling under 
these same conditions, whereas the ordinary cast iron 
and the remainder of the high-silicon iron bars scaled 
very rapidly. The scale on the ordinary cast iron bars 
was tightly adherent while that on the high-silicon 
iron bars spalled off during cooling. As a result of this 
observation on the first series of growth test bars, spe- 
cial scaling tests were made to determine the scaling 
rate of ordinary and high-silicon cast irons (both al- 
loyed and unalloyed). 
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A 1879-A A 1879-B 
Top—High Silicon Cast Iron; Bottom—Ordinary Cast Iron 

Fig. 9—Photograph showing appearance of scaling test specimens of high-silicon and ordinary cast iron after 

309 hr at 1600 F. Approximately actual size. 
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Duplicate specimens | in. in diam and 2 in. long 
were machined from the arbitration bars cast from 
Heats A-1878 and A-1879, and these specimens were 
accurately weighed. Each specimen was placed in an 
open crucible and the crucibles placed in an electric 
muffle furnace operating at 1600 F. After 24 hr at 
temperature, the crucibles were removed from the 
furnace and cooled to room temperature. The scaling 
specimens plus any loose scale in the crucibles were 
weighed accurately, after which they were returned to 
their crucibles and heated to 1600 F for another 24 hr. 
These tests were continued until the specimens had 
received a total of 309 hr at 1600 F. Figure 9 shows 
the appearance of the scaling test specimens after 309 
hr at 1600 F, while Fig. 10 shows graphically the in- 
crease in weight, calculated to grams per square centi- 
meter of specimen surface, plotted against time at 
1600 F. 


Fig. 10—Curves showing weight increase (weight of 

specimen plus scale) of high-silicon and ordinary cast 

irons melted in the induction furnace. Each specimen 

was placed in an individual crucible and heated to 

1600 F. Periodically they were cooled to room tempera- 

ture and weighed. Each curve represents the average 
result for duplicate specimens. 
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Fig. 11 (Above, left)-Typical structure of cupola 
melted high-silicon cast iron (2.36% C, 6.0% Si, 0.80% 
Mn). Ammonium persulphate etch. 100x. Fig. 12 
(Above)—Typical structure of induction-furnace-melted 
high-silicon cast iron (2.24% C, 5.8% Si, 0.88% Mn). 
Ammonium persulphate etch. 100x. Fig. 13 (Left) 
Same as Fig. 11 except 500x. 








The as-cast structure of the unalloyed high-silicon cast irons 
consists of graphite in a matrix of ferrite. Cupola melting tends 
to produce modified graphite while induction-furnace melting 
produces a more normal graphite flake, 


It is evident from these curves that these particular 
high-silicon cast irons are considerably more resistant 
to scaling than the ordinary gray irons, regardless of 
the alloy content. These results are contrary to ex- 
pectations in view of the scaling characteristics ob- 
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The two bars shown above were cast from the same ladle of temperature. Pouring cold tends to produce modified graphite 
metal (2.58% C, 6.00 Si) the only difference being the pouring while the bar cast from hot metal contains a more normal 


graphite flake. 


Fig. 14—Typical structure of Bar 42-28B, cast at ap- Fig. 15—Typical structure of Bar 42-28A, cast at ap- 
proximately 2630 F. Unetched. 100x. proximately 2300 F. Unetched. 100x. 











Fig. 16—Typical structure of Bar 47-31 (2.32%C, 5.89% 
Si, 2.70% Mn). Ammonium persulphate etch. 500x. 
Note the pearlite stabilized by the manganese addition. 


served in the first series of growth test specimens. 
The specimens for the first series of growth tests were 
made from cupola metal while the specimens for the 
scaling tests were made from induction-furnace metal, 
which may have influenced the scaling characteristics. 

In order to see if the difference in scaling characteris- 
tics of the irons was the result of structural differences, 
a metallographic study was made. 


Metallographic Study 


A metallographic examination of the various test 
bars in the as-cast condition revealed a matrix struc- 
ture for the high-silicon irons quite different than that 
usually found in cast iron. Ordinary cast iron contains 
graphite in a matrix of pearlite with or without a cer- 


Fig. 18 (Left)—Typical structure of Bar 47-32 (2.35% C, 
6.19%, Si, 1.30% Cu, 0.48% Mo). Ammonium persul- 
phate etch. 100x. Note the graphite distribution is 


HIGH-SILICON Cast IRo. 


Fig. 17—Typical structure of Bar A1878-B (2.22% C, 

5.73% Si, 0.88% Mn, 1.11% Cu). Ammonium persul- 

phate etch. 500x. Note the massive carbides and pear- 
lite stabilized by the copper addition. 


tain amount of ferrite or cementite, while the high- 
silicon irons contain graphite in a fully ferritic matrix 
(Fig. 13). A comparison of Fig. 11 and 12, showing 
typical structures found in the high-silicon cast irons, 
indicates that the induction-furnace melted iron has a 
more normal graphite flake than does the cupola- 
melted iron. Pouring the castings at lower tempera- 
tures also tends to produce a more modified graphite 
flake in the cupola-melted high-silicon cast irons as 
shown by Fig. 14 and 15. 

Additions of manganese to the high-silicon cast irons 
tend to stabilize the carbides so that in the as-cast con- 
dition considerable pearlite is present (Fig. 16). As 
pointed out earlier in this paper, an addition of ap- 


somewhat more normal than in unalloyed high-silicon 
cupola melted irons. Fig. 19 (Right)—Same as Fig. 18 
except 500x. 
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proximately 2 per cent manganese lowers the A,, 
temperature about 200 F. Thus manganese additions 
(in the composition range studied) are undesirable 
from two standpoints; first, decomposition of the car- 
bides will result in a small but definite growth (pri- 
mary growth) at elevated temperatures, and second, 
the lowered A,, temperature lowers the useful working 
temperature range of the cast iron. 

Additions of copper have an effect similar to that of 
manganese in that they stabilize pearlite and massive 
carbides in the high-silicon cast irons (Fig. 17). How- 
ever, copper has little effect upon the A,, temperature. 
In Fig. 7 and 8 the curves for Iron A-1878B show a 
slight growth in the first few cycles as a result of this 
carbide decomposition. 

Cupola-melted high-silicon iron containing copper 
and molybdenum (Fig. 18 and 19) has a more normal 
graphite distribution than unalloyed high-silicon cast 
iron, and it has considerable less stabilized carbide 
than the iron alloyed with copper alone. However, the 
carbides present cause some growth as shown in the 
curve for this iron in Fig. 5. 

High-silicon cast irons containing copper and chrom- 
ium have the best combination of growth and scaling 
resistance observed in the irons studied. They con- 


Fig. 20 (Above, left)—Typical structure of Bar 47-37 
(2.20% C, 6.22% Si, 1.32% Cu, 0.49% Cr) melted in the 
cupola. Ammonium persulphate etch. 100x. Fig. 21 
(Above)—Typical structure of Bar A1878-A (2.16% C, 
5.6% Si, 0.87% Mn, 142% Cu, 0.60% Cr) melted in 
the induction furnace. Ammonium persulphate etch. 
100x. Fig. 22 (Left)}-Same as Fig. 20 except 500x. 
This matrix structure is typical of both bars shown 
above. Note fine carbide particles throughout 
the matrix. 


tain very little carbide and have, in general, a more 
normal graphite flake than the other high-silicon cast 
irons, either alloyed or unalloyed (Fig. 20, 21, and 22). 

Figures 23 and 24 show cross sections of ordinary 
and high-silicon cast iron after being subjected to 41 
four-hour cycles at 1650 F. 

The ordinary cast iron after this cyclic heating con- 
sists of three zones. The outside zone (see Fig. 23) is 
entirely scale. The intermediate zone has undergone 
considerable change in that all graphite has been re- 
moved by oxidation and the voids that once contained 
graphite are partially filled with scale. The third or 
central zone has undergone some change; the graphite 
is only partially removed and there is considerably less 
scale than in the intermediate zone. The voids in Fig. 
23A and 23B are evidence that growth is not the re- 
sult of force exerted by iron oxide forming in the bar. 
If this were the case, growth would not occur until the 
voids were completely filled with oxide particles. How- 
ever, the presence of the oxide may prevent closure of 
the minute cracks formed in passing through the 
critical temperature range, and thus accelerate the 
growth. 

The high-silicon cast iron (Fig. 24), after cyclic 
heating, is essentially unchanged, except for a relatively 
narrow zone at the surface that has been decarburized 
until no graphite remains. This surface material con- 
tains numerous silicate particles indicating that it has 
undergone some oxidation. The solid metallic skin, 
free from graphite or other channel-forming materials 
that would aid the penetration of oxygen, is undoubt- 
edly helpful in reducing the amount of growth that 
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Fig. 23—Cross-sectional view of Bar W-10. Unetched. 
4.8x. Ordinary cast iron (3.01% C, 1.86% Si, 0.80% 
Mn) after 41 cycles at 1650 F for 4 hr. Figures 234A, B, 
and C are detail photomicrographs at 100x showing the 
unetched structure at the positions indicated by the 
arrows. Zone I (Fig. 32A) consists entirely of scale. The 








See Fig. 23C 

interface between the scale and metal is rather sharp. 

Zone 2 (Fig. 23B) contains ferrite and iron oxide. The 

carbon has been removed by oxidation. Zone 3 (Fig. 

23C) contains ferrite, graphite, and iron oxide. The 

graphite has not been completely removed by 
oxidation. 








would occur if the iron were heated above its A,,; tem- 
perature. 

The curves in Fig. 8 for the ordinary cast irons show 
an average growth of 0.00065 in./in./cycle at 1500 F 
which is approximately 100 F above their A,, tempera- 
ture, while the high-silicon cast irons show an average 
growth of 0.00027 in./in./cycle at 1845 F which is ap- 
proximately 100 F above their A,, temperature. This 
difference in growth rates above the A,, temperatures 
is at least partially the result of the difference in rate 
of oxygen penetration caused by the difference in the 
surface condition mentioned above. 

A comparison of the microstructures of high-silicon 
specimens that scaled heavily and those that were re- 
sistant to scaling indicates that graphite distribution 
has a powerful influence on scaling characteristics. The 
induction-furnace melted irons have a normal graphite 
distribution and are resistant to scaling, while cupola- 





melted irons which have modified graphite scale badly. 
Additions of copper and chromium or copper and 
molybdenum improve the scaling resistance of cupola- 
melted high-silicon cast irons possibly by their influ- 
ence upon graphite distribution. These alloy additions 
may also decrease the scaling rate by changing the 
diffusion and oxidation rates of the matrix; however, 
this has not been established. 


Conclusions 


Results of the experimental work conducted during 
the course of this investigation substantiate the theory 
which states that growth in cast iron is the result of the 
metal yielding to stresses set up by the irregular ex- 
pansion and contraction encountered on heating and 
cooling through the critical temperature range. Ap- 
parently the presence of oxidizing gases is not necessary 
for growth to occur; however, if present, they will 
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Fig. 23A (Top), Fig. 23B (Center), Fig. 23C (Bottom). 


greatly accelerate growth by filling with oxides any 
small voids or cracks formed in passing through the 
critical temperature range. The voids, once filled with 
oxide, afford a barrier to any compressive forces that 
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might be encountered on subsequent heating and cool- 
ing. A small but definite volume increase is caused by 
the decomposition of carbides which are present either 
as massive particles or in the form of pearlite. 

High-silicon cast irons (approximately 6 per cent 
silicon) are able to resist growth at temperatures as 
high as 1650 to 1700 F since their lower critical tem- 
perature is about 1775 F and they are free from car- 
bides, either massive or in the form of pearlite. 

The type and distribution of graphite flakes in the 
high-silicon cast iron apparently determine whether 
they will also be resistant to scaling. Castings contain- 
ing normal flake graphite are very resistant to scaling 
while those containing modified graphite scale as readi- 
ly as ordinary cast iron. Induction-furnace melting of 
the high-silicon iron tends to produce normal graph- 
ite, as does the addition of approximately 1.25 per 
cent copper and 0.50 per cent chromium or 1.25 per 
cent copper and 0.50 per cent molybdenum to cupola- 
melted irons. 

Attempts to reduce the brittleness of the high-silicon 
cast iron by alloy additions were fruitless; in fact, the 
unalloyed high-silicon cast iron had better room- 
temperature mechanical properties than any of the 
alloyed irons. This brittleness, however, is not a serious 
problem if the castings are to be used at temperatures 
over 500 F, since at this temperature they become as 
resistant to impact as ordinary cast irons. 

Cast iron containing approximately 6.0 per cent 
silicon, 2.30 to 2.50 per cent carbon, and 0.80 per cent 
manganese can be made very satisfactorily in the cu- 
pola. In order to obtain the desired analysis by cupola 
melting, it was necessary to use a charge containing 
6.5 per cent silicon, carbon as low as practical (near 1.4 
per cent), and melt as rapidly as possible so as to hold 
the carbon pickup to a minimum. 
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Fig. 24—Cross-sectional view of Bar 47-37 (2.20% C, 6.22% Si, 1.32% Cu, 0.49% Cr) after 41 cycles at 1656 
F for 4 hr. Unetched. 4.8x. 


The cross-section shows only two zones; the surface zone at the _ ous small silicate particles, the central zone is unaffected and is 
right in Fig. 24B is completely decarburized and contains numer- __ in every respect like the original cast structure. 
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DISCUSSION 

Chairman: J. S. VANicK, International Nickel Co., New York 

Co-Chairman: G. P. PHILLIps, International Harvester Co., 
Chicago. 

F. G. Serinc (Written Discussion):' 1 have read the paper 
by White and Elsea on “Growth and Scaling Characteristics of 
High-Silicon Cast Iron’ with considerable interest. The authors’ 
findings corroborate the previous work of Norbury and Morgan. 
The theory that about 6%-Si cast iron can raise the A,, critical 
range to about 1800 F is only one of the arguments used to ex- 
plain the superior growth resistance of these high-silicon irons. 
My contention, however, is that the presence of a large quantity 
of silicon is, in itself, an important factor in increasing heat re- 
sistance because of the protection which silicon dioxide affords 
in preventing further oxidation of the metal underneath. If 
keeping a cast iron from passing through a critical range is the 
principal influence in oxidation resistance, then the austenitic 
nickel alloyed iron should be equally heat resistant with the 6%- 
Si irons. There are data to show that the 6%-Si irons have bet- 
ter heat resistance than the austenitic nickel cast irons. I should 
like to emphasize, therefore, the importance of the presence of 
excessive silicon and considerable chromium in improving growth 
and scale resistance of cast iron. It is possible, for example, to 
make an austenitic iron with about 8 per cent Ni and 6 per cent 
Mn. This particular type of austenitic iron has a very low orde1 
of growth resistance associated, we believe, with the marked sus- 
ceptibility of the manganese to oxidize at elevated temperatures. 
The authors recognize, for example, that the best of the irons 
tested was A-1878-D, which is the only high-silicon iron which 
contained that much chromium. 

Figure 21 refers to Bar A-1878-A containing alloys of 1.42 Cu 
and 0.60 Cr. This same bar in Table | is referred to as being 
without alloys. 








TABLE 4—RATE OF OXIDE PENETRATION OF TEST SPECIMENS AFTER 3723 HR at 1375-1400 F 
(Electric furnace, Air atmosphere) 
Approximate Length Metal Thickness Depth of Oxide 
Specimen Initial Final Original Final Oxide Penetration 

No. Material (in.) (in.) (in.) (in.) (in.) (ipy) 
1 25-12 Steel 4 4 0.265 >0.263 < 0.001 <0.003 
2 20% Ni Ni-Resist 4 4% 0.396 0.165 0.116 0.27 
3 20% Ni Ni-Resist 4+- 5% Cr + 4 0.369 0.364 0.0025 0.006 
4 30% Ni Ni-Resist 4 4 0.426 0.360 0.033 0.078 
5 30-5-6 Ni Ni-Resist 3-15/16 3-15/16 0.381 >0.379 < 0.001 <0,003 
6 FB-A Iron 4 4-5/16 0.399 0 0.2 0.5 

ipy — inches penetration per year 

> = greater than 

< = less than 
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Under Figure 22 reference is made to the typical matrix struc- 
ture of high-silicon irons, drawing attention to the “fine carbide 
particles throughout the matrix.” Our experience with these 
high-silicon alloys has raised a question whether these particles 
are carbides or silicides. We have strong evidence that they are 
silicides, although we have not been able to confirm that they 
are definitely carbides or definitely silicides. 

The authors refer to the high relative toughness of high- 
silicon irons at 800 F and above. One point I should like to 
bring up is the marked sensitivity of high-silicon gray irons to 
thermal shock. I have laid bars 3% x 1 x 7 in. of 6%-Si gray iron 
on the hearth of a furnace at 1100 F and have had the castings 
break into two to four pieces. Indeed, it was because of this high 
sensitivity to thermal shock that the British Cast Iron Research 
Association developed the nicrosilal group of alloys containing, 
in addition to 6 per cent Si, 2 to 5 per cent Cr and 18 to 20 per 
cent Ni. 

In my opinion, growth data are of value only under specific 
test procedures, for example, a particular number of cycles to 
and from a particular temperature. Such data cannot be com- 
pared with other data obtained by exposures for a long time at 
a constant temperature or with another test procedure under 
different cycle tests. It is my opinion, therefore, that heat resist- 
ance data on cast irons should be on the basis of oxygen pene- 
tration rates on a similar basis to much of the data on heat- 
resistant steels. See Table 4. 

Mr. Wuite (Authors’ Written Reply): There apparently is 
some confusion as to the meaning of the terms heat resistance, 
scaling resistance, and growth resistance. Growth and scaling re- 
sistance are only two factors of many that are involved in heat 
resistance. The inference that growth resistance is related to 
oxidation resistance is not justified, since numerous investigators 
have shown that cast iron will grow when repeatedly heated 
through its critical temperature even in a reducing atmosphere 
or in a vacuum where oxidation could not take place. 

We have not claimed that “keeping a cast iron from passing 
a critical temperature range is the principal influence in oxi- 
dation resistance.” In fact, we show very clearly in Fig. 6 that 
Iron 45-35 which has a critical temperature of 1780 F scaled 
very rapidly at 1650 F. 

Our principal claims are that, in general, secondary growth 
does not occur unless the cast iron passes through the critical 
temperature range, and that a normal graphite distribution, pro- 
moted by either induction melting or the use of alloys, tends to 
increase the scaling resistance. 

We do not recognize any significant superiority of Iron 
A-1878-D from the standpoint of growth resistance. From the 
standpoint of scaling resistance, we would consider it to be 
about equal to the cupola melted high-silicon cast irons alloyed 
with copper and chromium or copper and molybdenum. 

Mr. Sefing would like to call the fine particles, observed in 
Fig. 22, silicides. We have no proof that they are not silicides. 
However, the only significant difference between the irons shown 
in Fig. 22 and 13 is the presence of copper and chromium in the 
iron shown in Fig. 22. Since the particles are not present in 
Fig. 13, to be silicides they must be silicides of either copper or 
chromium. Both copper and chromium act as carbide stabilizers 
in high-silicon cast irons and the particles observed in Fig. 22 
disappear after several hours at 1650 F, indicating that they 
might have been carbide which graphitized. The very small 
amount of this carbide material would result in little or no 
primary growth. 

H. S. Austin:*? What can you say about the machinability of 
these high-silicon iron castings? 

Mr. Wuite: These irons were very machinable on both the 
lathe and the drill press. We were more or less surprised to find 
how nicely they did machine. 

Mr. Austin: What was the Brinell hardness of the castings? 

Mr. Wuirte: The Brinell hardness ran slightly above 200. 

A. H. Dierker:* The authors are to be commended on con- 
tributing to the further knowledge of this interesting alloy. I 
would like to mention some work we did about 12 years ago at 
Ohio State University under the sponsorship of the Globe Iron 
Co., Jackson, Ohio. We recognized at that time the rather inter- 
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esting properties of this high silicon iron and the possibilitie 
in the foundry industry due to its rather low production cost. 
We investigated the growth properties in a manner somewha 
similar to the present authors and learned that the alloy hac 
interesting properties other than excellent resistance to growth 
One of these properties is that at quite high hardness ranges 
the material is readily machinable. We added chromium and go 
much higher Brinell hardness than that mentioned by th: 
authors. One specimen I recall had a Brinell hardness of 36 
and yet we found that the tensile test bars could be readil 
machined and the threads were quite clean and sharp and dic 
not break as one might expect. 

Our investigation at that time revealed that 3 to 4 per cent 
chromium was an extremely valuable addition to enhance the 
properties of the high silicon present. The inherent tendency 
of the plain silicon iron to scale was markedly reduced by the 
addition of 3 to 4 per cent chromium. Tests showed excellent 
results at temperatures up to 1650 F but beyond that the proper 
ties fell off quite badly. 

An iron with 5.80 Si, 1.86 T. C. and 3.58 Cr showed on a 
standard arbitration bar, a transverse strength of 2200 lb with 
a deflection of 0.137. Tensile strength was 31,800 psi and 
Brinell hardness was 363. 

Like the authors, we also found that the toughness of this 
material considerably increased at elevated temperature which, 
of course, we wanted to do. We could not handle the standard 
arbitration bar in our furnace so we made a small bar 5% in. 
square and 12 in. long and tested this on 10-in. centers. We 
heated the bars up to 1650 F and then tested them transversely 
and found that at that temperature we were unable to break 
the bars. They simply bent as far as the machine could go and 
that is where they stayed. 

We found the modulus of rupture at this temperature to be 
about 40 per cent of the modulus of rupture we had found at 
room temperature. 

Joun GRENNAN:* I would like to discuss this from a more 
practical side. We had a demand for some stoker parts that 
were burning out twice as fast as the other castings in the same 
stokers. To shut down and cool off the boilers cost about $300 
so we were asked to furnish longer-lived parts for those that 
burned out faster than the rest. The usual low-chromium cast 
iron alloy was used but was apt to crack due to thermal shock 
in heating. Lowering the chromium from 3 to 2 per cent was 
sufficient to prevent cracking from thermal shock in these par- 
ticular castings. During the war we were told not to use 
chromium so we substituted the British Cast Iron Research 
Association high-silicon cast iron. They said in their reports 
that it was sensitive to thermal shock. We made these castings 
and found no trouble from cracking due to thermal shock in 
heating. It did not seem to be as sensitive as the chromium 
cast iron. 

In the figures given for the Brinell hardness, the tests we 
made were higher than those given in this report, being about 
400 Bhn or a little higher. 

Mr. WHITE: We saw some evidence of cracking due to ther- 
mal shock. I think in all probability their applications would 
be limited somewhat by that property. However, there are many 
applications where that is not the case and where their service 
is quite satisfactory. 

S. B. Asuxinazy:> The author has shown that additions of 
smali percentages of chromium and copper were not sufficient 
by themselves to cut down on growth and scaling. I was won- 
dering whether the addition of aluminum in conjunction with 
chromium and copper would give the same results as that ob- 
tained by the addition of 6 per cent silicon, which has the dis- 
advantage of making the metal brittle and probably difficult to 
machine? 

Mr. Wuite: By a substantial percentage do you mean 6 per 
cent, or some large range? 

Mr. AsHKINAZY: By that I mean anywhere from 1 per cent 
and over. When you get to too high percentage it would be- 
come just as brittle, would it not? 

Mr. WuiTe: We cannot answer that because there was no 
work done on anything containing a substantial percentage of 
anything except silicon. 

4 Foundry Instructor Emeritus, University of Michigan, Ann Arbor, Mich. 


5 Material & Process Standards Supervisor, Sperry Gyroscope Co., Great 
Neck, N. Y. 
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EFFECT OF BORON ON STRUCTURE AND SOME 
PHYSICAL PROPERTIES OF PLAIN CAST IRONS 


By 


A. I. Krynitsky* and Harry Stern* 


ABSTRACT 


Effects of boron additions, ranging from 0.001 to 0.48 per cent, 
on properties of various gray cast irons were determined by cast- 
ing chill plates, wedge castings, and arbitration bars. Cooling 
curve data indicated that during solidification boron produced 
an undercooling effect which increases with increasing boron con- 
tent. Boron increases depth of chill in chill plates and wedges, 
as well as hardness of arbitration bars and chill plates. Boron 
decreases size and quantity of graphite, increases free carbide con- 
tent and tends to increase amount of eutectic structure. “Struc- 
tureless” envelopes around pearlite islands and “structureless 
islands” in cementite matrix accompany an increase in boron 
content. 


1. Introduction 


THE ELEMENT BORON lies between beryllium 
and carbon in the periodic table and has the atomic 
number 5. It falls in the third group and possesses a 
relatively small atomic radius (approximately 1 A) .1 
These characteristics of boron suggest its similarity to 
carbon. This similarity has been emphasized by Tschi- 
schewsky? who observed a pearlitic constituent in iron- 
boron alloys and called it “boric pearlite.” The ex- 
istence of iron boride, Fe.B, containing 8.83 per cent 
B, appears to be fairly well established. This boride is 
soluble to some degree in delta, gamma, and alpha 
iron, but investigators disagree as to the limit of solid 
solubility. Thus, the iron-boron constitution diagram* 
in the Metals Handbook? indicates that boron solubil- 
ity is less than 0.15 per cent at 915 C (1679 F), and 
decreases with decreasing temperature to about zero 
per cent at 700 C (1292 F). However, the diagram in 
the International Critical Tables shows a boron solu- 
bility of zero per cent at 900 C (1652 F) and an in- 
creasing solubility with decreasing temperature reach- 
ing a maximum of 0.2 per cent at 700 C (1292 F). 

The equilibrium diagram of the iron-carbon-boron 
alloys as determined by Vogel and Tammann? is shown 
in Fig. 1 (the shaded area was incorporated by the au- 
thors and will be referred to later). Vogel and Tam- 


* Experimental Foundry Section, Division of Metallurgy, Na- 
tional Bureau of Standards, Washington, D. C. 

x The Metals Handbook diagram, p. 1182 is essentially Han- 
sen’s* diagram which is a composite diagram of those presented 
by Hannesen,*° Tschischewsky? and Wever and Muller.® 
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mann state that the limit of solid solubility of boron in 
alpha iron at room temperature is 0.08 per cent and the 
ternary solid solution Fe-Fe,C-Fe,B transforms, when 
cooling to room temperature, into pearlite composed 
of two solid solutions FeB and Fe,C-Fe.B. 

Effect of boron on properties and behavior of fer- 
rous metals received a littke attention in the early 
1920’s when Burgess and Woodward reported difficul- 
ties in the hot rolling of steels which contained 0.49 
per cent boron, and Walter® stated that iron, steel and 
their alloys containing boron in amounts of 0.2 to 2 
per cent were too hard and brittle to be of value. 

Interest in the effect of boron additions to ferrous 
metals has received increasing attention, since about 
1940. Schwartz,!° Tisdale! and Joly!? showed that ad- 
ditions of approximately 0.001 to 0.003 per cent of 
boron improved the annealing behavior of malleable 
iron. Schwartz!* showed that additions (not to be con- 
fused with recoveries) of 0.1 per cent and 0.04 per cent 
boron to white iron enormously increased the graphi- 








Fig. 1—Equilibrium diagram of Fe-Fe,C-Fe,B alloys at 

room temperature (Vogel and Tammann).4 Shaded 

portion indicates range of carbon and boron contents 
of trons studied. 





tizing rate measured at 900 C (1652 F), but that 0.88 
per cent boron prevented graphitization. 

Bastien and Guillet’* studied the effect of 0.046 to 
0.385 per cent of boron in cast iron which contained 
3.09 to 3.65 per cent total carbon, about 1.45 per cent 
silicon, 0.45 per cent manganese, 0.06 per cent phos- 
phorus and 0.01 per cent sulphur. Their results showed 
that the number of graphite particles decreased with 
increasing boron, this diminution becoming pro- 
nounced at 0.18 per cent boron. At the same time the 
length and thickness of the graphite flakes tended to 
decrease and accumulate in “colonies.” Boron also 
was found to retard graphitization during annealing 
by slowing down the speed of decomposition of cemen- 
tite. They stated that depth of chill decreased for 
boron additions up to 0.1 per cent and then increased 
uniformly. They further reported that boron raises 
the hardness, transverse strength, modulus of elasticity 
and shear strength of gray cast irons but reduces their 
capacity for deformation. It was also shown that boron 
uniformly and rapidly raises the cementite Curie point, 
A, (cementite magnetic transformation point), a re- 
sult which confirms the existence of the complex ce- 
mentite Fe;C-Fe.B postulated by Vogel and Tam- 
mann.* 

The work of the investigators cited in most cases 
suggests that iron forms a compound with boron of 
the composition Fe.B and, in combination with car- 
bon, probably forms a complex cementite Fe;C-Fe,B. 
It is also probable that in the boron-treated irons Fe-B 
solid solution may be present per se or as part of the 
pearlite composed of the two solid solutions Fe-B and 
Fe,C-FeoB. 


Il. Scope of Investigation 


The purpose of the present investigation was to 
secure additional information on the effect of boron on 
certain significant properties of plain gray irons. Nine 
different stock irons, of compositions given in Table 1, 
were used. These irons were remelted and boron in 
amounts up to 0.48 per cent was added. The range of 
carbon and boron contents in melts thus prepared falls 
within limits of the shaded portion of the ternary dia- 
gram in Fig. 1. Effects of boron additions on transverse 
test properties, depth of chill, hardness, solidification 
characteristics and structure of these cast irons were 
studied. 


TABLE 1—CoMPosiTION OF Basic Pic IRons UseEp IN 
PREPARING HEATS WITH DIFFERENT BORON CONTENTS 





Chemical Analysis, per cent 





Iron TotalC Si Mn P S Ti B 

B 3.79 1.40 0.63 0.181 0.062 0.029 0.006 
Cc 3.44 2.43 0.77 0.395 0.05 0.055 0.007 
bD 3.56 1.71 0.74 0.553 0.038 0.088 <0.001 

D-107' 3.80 1.66 0.70 0.54 0.034 0.100 0.002 
E 4.14 1.48 0.64 0.05 0.022 0.075 0.001 
F 3.51 2.85 0.49 0.80 0.032 0.105 0.003 
G 3.61 2.66 0.68 0.78 0.045 0.12 0.005 

G-137? 3.31 2.29 0.50 0.54 0.025 0.09 0.005 
H 3.55 2.73 0.24 0.82 0.021 0.022 0.001 
*Remelted iron D 
* Remelted iron G 
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Ill. Preparation of Specimens 


Irons—There was considerable variation in the anal\ 
ses of different pigs of the same lot of stock iron used i: 
this investigation except for lots “B,” “C,’’ “D-107, 
and “G-137.” Therefore, the analyses given in Tabi. 
| are average values in many cases. Irons “B” and “C 
were specially prepared pig irons and the pigs were o! 
uniform composition. Irons “D-107" and “G-137" 
were prepared from pig irons “D” and “G” remelted to 
improve their chemical homogeneity. It is noteworthy 
that the stock pig irons used in this investigation con 
tained from 0.001 to 0.006 per cent boron (Table |) 
before any experimental additions of this element were 
made. Appreciable amounts of titanium ranging from 
0.022 to 0.12 per cent also were present in these irons. 

Boron additions in the present work were made in 
the form of ferro-boron containing: B, 11.71; C, 
0.60; Si, 4.04; P, 0.020; S, trace; Fe, 83.63 per cent. 
Proprietary alloys, which contain boron generally em- 
ployed for boron additions to steel,!®> were not used 
because they contain large amounts of other elements, 
such as nickel, titanium, silicon, zirconium, etc. Re- 
sults of chemical analyses of different heats of boron- 
treated and untreated irons showed a consistent de- 
crease of carbon with an increase in boron content, 
phosphorus remained practically unchanged. Silicon, 
manganese and sulphur contents varied, although not 
consistently with changes in boron contents. 

In a number of cases the scrap remaining from a 
boron-treated heat was remelted one or more times for 
additional specimens. Results of chemical analyses 
showed that no significant loss in boron occurred dur- 
ing remelting operations. Digges and Reinhart'® have 
reported that appreciable amounts of boron were re- 
tained in steels after remelting in an induction furnace 
under normal and highly oxidizing conditions. 

Molds—Grcen, dry, and core sands were used in pre- 
paring the molds. The green sand mixture consisted 
of eight parts of Lumberton molding sand and one 
part of sea-coal, tempered to approximately 7 per cent 
water content. The average properties of this sand 
mixture, tested according to American Foundrymen’s 
Society specifications are as follows:—permeability 
number 40, green compressive strength, 12 psi, A.F.S. 
standard hardness number 80. For the same sand mix- 
ture in the dried condition permeability was 55 and 
dry compressive strength 120 psi. Core sand for molds 
and skim gates contained by volume approximately 83 
per cent of silica sand A. F. S. grain-fineness 90 to 120, 
2.5 per cent corn flour binder, 1.0 per cent linseed oil, 
14.0 per cent silica flour, 0.5 per cent western bentonite, 
and 0.5 per cent kerosene. 

The core sand molds were baked at 425 to 450 F, 75 
min for each | in. cross section. In this condition the 
permeability of the sand was 28 and the compressive 
strength 830 psi. 


Specimens—Transverse properties were determined 
on cylindrical bars 1.2 in. in diameter with an 18-in. 
span. At the beginning of the investigation these bars 
were bottom-poured in green sand molds in groups of 
four. However, it was found that bars with a high bor- 
on content cast in this manner developed shrinkage 
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Fig. 2—Dry core sand molds assembly used for the 1.2- 
in. transverse test bars. 


cavities appearing along the longitudinal axes. There- 
fore the mold design was changed, to accommodate 
top-pouring in individual molds made of core sand and 
baked. Four of these molds were assembled (Fig. 2) in 
a flask, heap sand rammed tightly around them, and a 
common pouring basin cut to permit simultaneous 
pouring. Each mold was provided with its own filter 
gate, 214 in. O.D., 34-in. thick with a %.,-in. diameter 
central hole. Figure 3 shows the bars as cast. All test 
bars were allowed to cool in the molds for approxi- 
mately 20 hr before being removed. 

Plate specimens 4 x 4 x 4 in. (Fig. 4), and wedge 
specimens 214 in. wide at the base, 3 in. high and 4 in. 
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long (Fig. 5), were used to evaluate influence of boron 
on susceptibility to chill. The plate specimens (Fig. 
4), were cast with the bottom side in contact with a 
heavy iron chill block. The wedge specimens (Fig. 5) 
were cast into dry sand molds. Keyhole-type specimens 
were not found suitable for these tests. 

In the initial part of the investigation the plates 
were cast in green sand molds; subsequently dry sand 
molds were used. These latter were prepared by dry- 
ing the assembly of mold and chill block in a core 
oven at approximately 425 F (218 C) for about 4 hr 


Fig. 3—Transverse test bars 1.2 in. in diam, ag cast in 
dry core sand mold. A, pouring basin; B, top gates; 
C, filter gates; D, vertically top-pouted bars; E, heads. 





Fig. 4—Chill plate specimens cast in sand mold with 
bottom side A-B against a heavy iron chill block. 


and cooling to room temperature. The plates and 
wedge specimens were cast from each heat to measure 
chill characteristics of the various compositions. How- 
ever, the plates could not be used as a criterion of sus- 
ceptibility to chill for irons which possessed a high 
chilling tendency, since they became white throughout 
the entire depth of the plates. For such irons the chill 
depth was measured on the slower cooling wedge. The 
plates and wedges were removed from the molds 20 
min after pouring, and allowed to cool to room tem- 
perature before being fractured. 

Casting Procedure—The irons were melted in two 
types of high frequency induction furnaces, a 300-lb 
tilting type with a magnesia crucible and a 200-lb lift- 
coil furnace with a clay-graphite crucible. 

Two methods of adding ferro-boron to the iron were 
used. At the beginning of the investigation a small 
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Fig. 5—Chill test wedge specimen cast in dry sand mold. 
A-B shows plane along which specimens were fractured. 


Fig. 6—Thermocouple assembly used in measuring 
temperatures of molten cast iron. A, thermocouple- 
handle enclosing extension leads; B, thermocouple 
junction with extension leads; C, platinum-platinum 
rhodium thermocouple wires; D, 2-hole porcelain in- 
sulating tube; E, porcelain tube; F, graphite tube; G, 
split lock nut; H, pipe tee; I, refractory coating ap- 
plied to graphite tube; J, heat insulating plate. 
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portion of the molten metal was poured into a pre- 
heated crucible to which the ferro-boron was added; 
the balance of the molten metal was then poured into 
the same crucible Subsequently it was found that a 
more suitable method was to add ferro-boron to the 
iron in the furnace at approximately 1450 C (2642 F). 

In order to maintain the effect of superheating as 
constant as possible all melts were heated to 1500 C 
2732 F) and poured at approximately 150 C (270 F) 
above the liquidus of the iron in each case. 

Temperatures of the molten metal were measured 
by means of a platinum-platinum 10 per cent rhodium 
thermocouple which was protected by a closed-end 
glazed porcelain tube contained in a closed-end graph- 
ite tube (Fig. 6). The portion of the graphite tube that 
came in contact with the molten metal was protected 
by a coating of aluminum oxide cement covered with 
a mixture of 95 per cent zirconium silicate and 5 per 
cent bentonite. 

Experimental Results 

Effect of boron on solidification characteristics of cast 

iron—Solidification characteristics of a number of heats 
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of cast irons were determined by making “inverse rate” 
cooling curves. Time (in seconds) required for a 0.05- 
millivolt increment drop in the thermocouple poten- 
tial was measured using the two-stopwatches method. 
During each test the crucible was covered with a lid. 
It was recognized that cooling the molten metal in 
air and using the type of thermocouple assembly pre- 
viously described (Fig. 6) did not permit precise deter- 
mination of temperature at any given instant. In order 
to obtain comparable results, conditions of test were 
maintained as uniform as reasonably possible. Thus, 
in each case, 80 lb of stock iron were melted, heated to 
1500 C (2732 F), and allowed to cool to below the 
solidus temperature while data for a cooling curve 
were obtained. The metal was then reheated to 1450 C 
(2642 F), ferro-boron added, then heated to 1500 C 
(2732 F) and allowed to cool to below the solidus tem- 
perature while data for another curve were obtained. 
The cooling curves were used to evaluate effect of 
boron on a comparative basis only, and since the test 
conditions were practically the same, changes which 
occurred were attributed to differences in boron con- 





= 
—_ 





T 
. 
. 
‘ 
’ 
’ 
‘ 
, 
‘ 
. 
. 
. 
' 
’ 
q 
’ 
! 
' 
‘ 
‘ 
* 
’ 
’ 
’ 
M 
' 
’ 
q 
' 














-*--- HEAT 140 NO BORON 
oov0eo HEAT 144 0.17% BORON 
seeeex HEAT 141 0.33% BORON 











H23°¢ AT 226 SEC 











IN0°C AT 384 SEC. | 





TEMPERATURE IN DEGREES CENTIGRADE 
peseteeetes 


INTERVAL OF 10 SEC. 
bd 








awe rwT 





TO 1094°C ATESS SEC. — 











0 


TIME IN SECONDS 


Fig. 7—“Inverse-rate” cooling curves obtained for melts 


made of stock iron G-137 without and with different 


boron additions. 
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tent. In one series of experiments, boron was added to 
four separate heats of stock iron G-137 in amounts of 
0.085, 0.17, 0.29 and 0.33 per cent. A fifth heat was 
made with no boron additions. The cooling curves for 
three of the heats (Table 2) are given in Fig. 7. Cool- 
ing curves for the other two heats consistently followed 
the trend shown by the illustrated curves: a drop in 
the arrest temperatures and narrowing of temperature 
differences between arrests, with an increase in boron 
content. 


TaBLeE 2—CompPosiTIONs OF IRONS USED FOR 
DETERMINING COOLING CURVES IN FIG. 7 





Chemical Analysis, per cent 
Iron Heat No. C Si Mn P S B Ti 


G-137 140 3.17 2.24 0.46 0.69 0.022 0.004 0.06 
: 144 3.11 2.29 0.46 0.71 0.024 0.17 _ 
0.33 _ 








41 $05 252 0.44 0.68 0.024 





No boron was added to melt No. 140 for which only 
one cooling curve was determined. Two cooling curves 
were determined for each of Heats No. 141 and 144, 
one for the untreated and the other for the boron- 
treated iron. The cooling curves of Melts No. 141 and 
144 before treating with boron were similar to the cool- 
ing curve of Heat No. 140. Experiments showed that 
practically no change in the curves occurred due to 
remelting. 

On the basis of the results shown in Fig. 7 it is con- 
cluded that, within limitations of the tests made, the 
undercooling effect increased as the boron content was 
increased. It is noteworthy that the second recalescence 
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reaction shown on the cooling curve of Heat No, 14: 
containing 0.17 per cent boron was considerably mor: 
pronounced than that of the untreated iron, Heat No 
140. As the boron increased, the temperature differen 
tial between the first and second recalescence reaction: 
became smaller until the cooling curve of the boron 
treated Heat No. 141 containing 0.33 per cent Bb 
showed only one such reaction. These observations 
indicate that as the boron content increases in a given 
iron, composition approaches the eutectic where th« 
apparent liquidus’ and solidus are merged into one re 
action of heat evolution. This suggests that with in 
creases in boron content, amount of eutectic in thes¢ 
irons also increases. This observation is in agreement 
with Schwartz!® who suggested that a large addition 
of boron (0.88 per cent) to white cast iron produced 
“an enormous shift to the left of its eutectic point.” 


Effect of boron on strength, Brinell hardness and mi- 
crostructure of transverse cast iron bars—Cast bars, 1.2 
in. in diameter, were tested on a hydraulic type univer- 
sal testing machine under conditions described in pre- 
vious National Bureau of Standards publications.1*.'* 
In every case speed of the cross head of the testing ma- 
chine was 0.12 in. per minute. The relative modulus 
of eiasticity was calculated from the slope of the secant 
to the load-total deflection curve at a load of 1200 lb. 
This method avoids the tedious procedure of establish- 
ing the total, plastic and elastic load-deflection curves 
by means of step-wise loading and unloading.’ 7° 

A 3%4-in. thick disk was cut from each broken trans- 
verse test bar adjacent to the fracture and used for 
Brinell hardness determinations. Two indentations 


TABLE 3—RESULTS OF TRANSVERSE AND BRINELL HARDNEsS TESTS 








[ron Heat Boron, Carbon Modulus Modulus + Deflection, Brinell Appearance 
No. % equivalent Rupture, Elasticity in. hardness of fracture 
Cc + 03 psi Es 1s) 
(Si + P) Psi 
B 7A sana 4.13 52.7 x 10° 12.98 x 10° 0.26 164 Gray 
. 7B 0.039 3.97 62.4 17.80 0.19 221 Light gray 
™ 34 0.12 3.98 46.8 17.60 0.13 248 White network 
111 0.31 4.14 39.2 21.2 0.08 405 Mottled 
C 25A 0.006 4.23 57.3 13.3 0.24 197 Gray 
25B 0.062 4.00 55.4 15.2 0.19 ’ 202 Gray 
44 0.11 1.31 43.0 15.4 0.13 218 White network 
E 18A — 4.34 34.4 6.27 0.27 140 Dark gray 
” ' 18B 0.033 4.21 42.5 8.76 0.28 140 Gray 
“3 20 0.040 4.17 48.3 11.43 0.26 170 Gray 
24 0.061 4.22 48.1 11.64 0.24 175 Gray 
, 33 0.11 4.02 45.4 23.90 0.09 295 Mottled 
G 11A — 4.34 47.8 11.54 0.22 156 Gray 
- 140 0.004 4.04 56.8 13.8 0.21 215 Light gray 
~ 11B 0.042 4.23 54.1 12.96 0.23 197 Light gray 
5 1438 0.085 4.05 52.7 16.6 0.16 225 Light gray 
144 0.17 4.01 46.2 17.1 0.13 267 White network 
145 0.29 3.85 $2.2 21.4 0.07 341 Mottled 
141 0.33 3.95 17.0 427 Mottled, 
almost white 
H 8A 4.40 16.6 10.41 0.24 167 Dark gray 
289 8B 0.038 4.40 51.4 12.48 0.23 183 Gray 
" 83 0.16 4.29 33.0 16.6 0.10 271 White network 
F 48 0.003 4.54 41.0 9.9 0.21 157 Dark gray 
“sf 49 0.003 4.44 42.9 9.6 0.24 157 Dark gray 
- 57 0.16 4.41 45.9 13.6 0.17 199 Light gray 
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Fig. 8 — Typical microstructure of 
transverse test bars of plain cast tron 
(Total C, 3.17; Gr. C, 2.68; Comb. C, 
0.49; Si, 2.24; P, 0.69; Mn, 0.46; S, 
0.022; B, 0.004; Mod. Rupture, 56,800 
psi; Eye); 13.8x10¢ pst; BHN, 215). 
Basis metal, stock tron G-137. A—Un- 
etched, 100x. B—Etched with 1% 
Nital, 500x. 


Fig. 9—Typical microstructure of trans- 
verse test bars of boron-treated cast 
iron (Total C, 3.15; Gr. C, 2.37; Comb. 
C, 0.78; Si, 2.30; P, 0.71; Mn, 0.47; S, 
0.024; B, 0.085; Mod, Rupture, 52,700 
pst; Ey), 16.6x10° psi; BHN, 2235). 
Basis metal, stock iron G-137. A—Un- 
etched, 100x. B—Etched with 1% 
Nital, 500x. 


lig. 10 — Typical microstructure of 
transverse test bars of boron-treated 
cast tron (Total C, 3.11; Gr. C, 1.98; 
Comb. C, 1.13; Si, 2.29; P, 0.71; Mn, 
0.46; 8, 0.024; B, 0.17; Mod. Rupture, 
46,200 psi; Ey;,), 17.1x10° psi; BHN, 
267). Basis*metal, stock iron G-137. A 
—Unetched, 100x. B—Etched with 1% 
Nital, 500x. 


Fig. 11 — Typical microstructure of 
transverse test bars of boron-treated 
cast tron (Total C, 2.98; Gr. C, 0.72; 
Comb. C, 2.26;.Si, 2.22; P, 0.69; Mn, 
0.40; S, 0.020; B, 0.29; Mod. Rupture, 
32,270; Ey;,), 21.4x10° psi; BHN, 341). 
Basis metal, stock tron G-137. A—Un- 
etched, 100x. B—Etched with 1% 
Nital, 1500x. 


Fig. 12 — Typical microstructure of 
transverse test bars of boron-treated 
cast tron (Total C, 3.05; Gr. C, 0.58; 
Comb. C, 2.47; Si, 2.32; P, 0.68; Mn, 
0.44; 8, 0.024; B, 0.33; Mod. Rupture, 
17,000 psi; BHN, 427). Basis metal, 
stock iron G-137. A—Unetched, 100x. 
B—Etched with 1% Nital, 1500x. 
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were made with a 3000-kg load on each disk, one at the 
center and the other at a point midway between the 
center and periphery. The hardness number of a given 
specimen was based on the average of the two indenta- 
tions. In plain carbon irons the amount of total car- 
bon, silicon and phosphorus, as well as the maximum 
heating and pouring temperatures are principal fac- 
tors influencing their physical properties. Since the 
pouring temperatures were approximately constant the 
significant factors to be considered in studying effect of 
boron on different properties are total carbon, silicon 
and phosphorus contents. 

In classifying different plain cast irons it is cus- 
tomary, and more convenient to use the so-called “car- 
bon equivalent value” rather than percentages of each 
element. There are several empirical formulas for de- 
termining this equivalent value suggested by different 
authors.!:??:23 The most generally accepted one, 
% C+ 0.3 (% Si+ % P) is used in the present dis- 
cussion. Although this formula may be somewhat less 
applicable to high boron irons than to the plain irons, 
it is considered that it will serve for the limited classi- 
fication purposes herein discussed. 

For the same type of iron, with factors other than 
carbon equivalent remaining approximately constant, 
strength and Brinell hardness will vary inversely with 
carbon equivalent. Therefore, in ascertaining effect of 
boron on transverse properties and Brinell hardness of 
a given type of iron only those heats possessing ap- 
proximately the same carbon equivalent were con- 
sidered. 

Examination of fractured transverse test bars (Table 
3) revealed three classes of fractures, based on their 
appearance, namely (1) gray, (2) white network and 
(3)-mottled. The color of the gray fractures for dif- 
ferent bars ranged from dark gray to light gray. Brin- 
ell numbers for this class varied from 140 to 220. Brin- 
ell numbers of those having a white network were from 
220 to 285 and for the mottled fractures, 295 to 427. 

Table 3 in most cases (Heats E-18B and E-24; H-8A 
and H-8B; F-49 and F-57) indicates that for bars with 
gray fractures made from heats having approximately 
the same carbon equivalent, an increase in boron con- 
tent increased Brinell hardness and moduli of rupture 
and elasticity. Appearance of a white network or white 
specks on the fractured surfaces of test bars usually 
was accompanied by a drop in transverse strength and 
deflection, and an increase in modulus of elasticity and 
Brinell hardness. 

Microstructure features—Microscopic examinations 
were conducted on specimens cut from transverse bars 
and chill-test plates. Typical structures of transverse 
test bars cast from different heats prepared from the 
same basic iron but containing various amounts of bor- 
on are illustrated in Fig. 8 to 12 inclusive. Figure 8 
shows structure of untreated iron, while Fig. 9 to 12 
inclusive are representative of irons containing 0.085, 
0.17, 0.29 and 0.33 per cent boron respectively. It may 
be noted (Table 3) that the fracture of bars containing 
more than 0.29 per cent B were either mottled or prac- 
tically white. 

As previously stated, boron produced an undercool- 
ing effect but contrary to expectations no undercooled 
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fine graphite structure, such as described by Norbury, 
was observed in the microstructures. As boron conte: 
increased, amount of graphite decreased and graphi: 
flakes were reduced in size. The structure of iro: 
without boron addition consisted essentially of pea: 
lite and ferrite (Fig. 8B) while those of irons contai: 
ing 0.085 and 0.17 per cent boron consisted principal! 
of pearlite and carbides (Fig. 9B and 10B). With « 
further increase in boron (0.29 per cent), the structur: 
consisted of islands of pearlite and cementite (Fi; 
11B). Some of these islands contained pearlite sw 
rounded by an envelope, while others showed on) 
traces of pearlite. Since the structure of the envelopes 
surrounding the islands of pearlite is practically un- 
defined at magnifications used in this work they will be 
referred to as “structureless.” When the boron content 
was increased to and above 0.33 per cent most of these 
islands showed only a faint or no structure and in the 
present discussion will be referred to as “structureless” 
(Fig. 12B). 

Allen*® showed structureless envelopes surrounding 
pearlitic areas in chilled cast iron and he concluded 
that they were austenite. As the authors have sug- 
gested, high boron contents (approximately 0.3 per 
cent and higher) produce a considerable shift of the 
eutectic point of the iron-carbon constitution diagram 
to the left, and the microstructure of such irons at their 
solidification temperatures may be expected to consist 
of the austenite-cementite eutectic (Ledeburite) plus 
either saturated austenite (gamma iron with carbon) 
or hypereutectic (primary) cementite, depending on 
whether the iron composition is hypoeutectic or hyper- 
eutectic. With further cooling the austenite usually 
transforms to pearlite so that the white iron structure 
at room temperature consists of pearlite, cementite and 
possibly some untransformed austenite. 

A number of tests were conducted to ascertain 
whether boron, when present in sufficient quantity in 
cast iron, may suppress transformation of austenite at 
room temperatures and produce envelopes of austenite 
such as Allen reported for plain cast irons. At first, 
Knoop micro-hardness tests, using a 100-gram load, 
were made to determine relative hardness of the con- 
stituents. For the same purpose, the Bierbaum scratch 
hardness tester was used. The latter instrument pro- 
duces a scratch by drawing a hard stylus under con- 
stant load across a polished surface of the specimen. In 
this particular instance the load was 1.5 grams. The 
scratch produced was very fine and could be detected 
only under the microscope at high magnification. 


Knoop Microhardness Tests 


A number of Knoop microhardness determinations 
were made, under similar conditions, on a specimen 
containing 0.33 per cent boron. The indentations 
made on the structureless islands were much larger 
than those made on the cementite (Fig. 13). Since 
variations in the microhardness numbers may be 
caused by such factors as: difference in crystal orienta- 
tion; difference in thickness of the microconstituent at 
the site of the impression permitting possible pene- 
tration of the indenter into a softer or harder under- 
lying structure; appearance of cracks in the specimen 
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round the indentation,*®-?7 these results are not con- 
sidered absolute values for the hardness. However they 
do indicate relative hardness of the constituents and it 
may be concluded that the island constituent is softer 
than the cementite matrix surrounding it. Another 
difficulty lies in confining the indentation solely to the 
area or constituent under investigation, particularly 
if these areas are very small. The Knoop microhard- 
ness test results were substantiated by the scratch hard- 
ness test values. Examination at high magnification 
revealed that the narrow portions of a scratch (indicat- 
ing higher hardness) occurred on the cementite areas, 
whereas its wider parts (lower hardness) occurred in 
the pearlitic and structureless island areas. 

The second series of tests consisted in quenching in 
liquid air specimens, similar to those tested for hard- 
ness, to acertain whether transformational changes 
would occur in the structureless islands. The first 
specimen was examined microscopically at 1500X and 
a ring sratched around a suitable area containing 
islands of the constituent presumed to be austenite. 
The specimen was then immersed in liquid air for one- 
half hour, removed from the bath, allowed to reach 
room temperature and reexamined microscopically. 
Another specimen taken from a bar poured from the 
same melt as the first specimen and having the same 
structure was given a slightly different treatment. This 
specimen was immersed in liquid air for 3 min, re- 
moved from the bath for 3 min, then immersed for 5 
min, removed for 3 min then immersed again for 4 
hr. This procedure was followed to set up stresses 
within the specimen to facilitate the start of austenite 
transformation. A third similar specimen was im- 
mersed in the liquid air bath for | hr and 10 min. In 
no case was a change in the structure of the specimens 
observed. 

In the next series of tests two additional specimens 
were taken from the same bars (Melt No. 141) from 





Fig. 14—Microstructure of transverse test bar pre- 

pared from stock tron G-1.37, Heat No. 141. 

(Same bar was used for specimens whose struc- 

tures are shown in Fig. 12). Specimen annealed at 

680 C (1256 F) for 6 hr. Etched with 1% Nital, 
1500x. 














Fig. 13—Micrograph showing Knoop hardness in- 
dentations on different structural components of 
transverse test bar cast from stock iron G-137. 
(Total C, 3.05; Mn, 0.44; P, 0.68; S, 0.024; Si, 
2.32; B, 0.33). Etched with 1% Nital, 500x. 











which specimens were cut for hardness and liquid air 
quenching tests. Both specimens were 1.2 in. in di- 
ameter. One cf them was 114-in. long, the other 34- 
in. The 34-in. specimen was polished, etched and ex- 
amined under the microscope. The structure was simi- 
lar to that shown in Fig. 12B. The 114-in. specimen 
was subjected to a magnetic test and the magnetic 
saturation value, B,, was determined to be approxi- 
mately 15.3 kilogausses. Both specimens were then an- 
nealed for 6 hr at 680 C (1256 F) in an electric air 
muffle furnace. The 1!4-in. specimen was again sub- 
jected to the magnetic test which showed that no sig- 
nificant change in the magnetic saturation value, B,, 
had been caused by annealing. The annealed 3/-in. 
specimen was given a light polish to remove the thin 
oxide film from the surface, etched and examined mi- 
croscopically. A comparison’ of its structure (Fig. 14) 
with that before annealing (Fig. 12B) shows that the 
structureless islands were unaffected by the annealing 
treatment. Most of the pearlitic areas had spheroidized, 
and some of the islands which previously contained 
pearlite at their centers showed only a few globules of 
coalesced cementite. 

These results suggest that the structureless compon- 
ents of the boron-treated irons are not austenite. Fur- 
ther, the hardness tests indicated that these constitu- 
ents are not cementite. These considerations lead the 
authors to suggest that the structureless envelopes sur- 
rounding the pearlite areas are ferrite; the “structure- 
less’’ islands consist of very fine pearlite unresolved by 
the light microscope. It is probable that we are deal- 
ing here with complex ferrite and pearlite. 

Previous investigators have suggested that the pres- 
ence of the complex constituents ferrite (Fe B), pear- 
lite (Fe B — FesC Fe.B) and cementite (Fe;C Fe.B) in 
the boron-treated irons is very probable. It is also 
likely that the behavior of these complex constituents 
is quite different from that of the constituents of plain 














Fig. 15—Chill plate fractures. Stock tron D-107, Boron 
contents—A, 0.002; B, 0.055; C, 0.06; D, 0.16; E, 0.20; 
PF. 0.32:G. O35; 7, 0.37 > 5, 0.48. 
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cast iron. 

The authors in their microscopic analysis, using dit 
ferent etching reagents, failed to detect any differenc: 
in appearance between the carbides of the boron-treat 
ed and untreated irons. The authors also failed to de 
tect the envelopes of insoluble constituent described by 
Tisdale,?§ as well as the boron constituent observed by 
Grange and Garvey*® in boron-treated steels, appeat 
ing as a single or multiple row of dots. 

Effect of boron on chilling properties, hardness and 
microstructure of cast iron chill test specimens—Depth of 
chill determined on plate and wedge specimens (Fig. | 
and 5) was taken as a criterion of the susceptibility to 
chill of the different irons. To measure depth of chill 
the plates (Fig. 4) were broken at the middle, pei 
pendicular to the chilled side; wedge specimens wer 
broken along the full length of the groove AB (Fig 
5). Figures 15 and 16 show whitening effect of boron 
contents on fracture sections of chill plates and chill 
wedges cast from different melts, each of a different 
boron content and made of specially prepared stock 


Fig. 16—Chill wedge fractures. Stock iron D-107. Boron 
contents—A , 0.002; B, 0.055; C, 0.06; D, 0.16; E, 0.20; 
F, 0.32; G, 0.35; H, 0.37; J, 0.48. 
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iron of uniform composition (Table 1, stock iron D- 
107). All these castings were made under similar 
melting and pouring conditions. There was a_ pro- 
nounced increase in depth of chill with an increase in 
boron content. An increase in boron content is ac- 
companied by an increase in the white network of the 
gray portions of the castings (Fig. 15 and 16). The 
chilled areas of the plates usually consisted of two 
zones, a completely white zone, so called clear chill, and 
a partly chilled or mottled zone. For irons contain- 
ing large amounts of boron, 0.32 per cent and higher 
(Fig. 15 and 16), the chill plates proved inadequate for 
measuring depth of chill. Fractures of plates contain- 
ing 0.32 and 0.35 per cent boron are white and mot- 
tled (Fig. 15 F and G) while those containing 0.37 
and 0.48 per cent boron are wholly white (Fig. 15 H 
and J). Black areas on the photographs (Fig. 15 H 
and J) are shadows cast by projecting portions of the 
fractured edge. The black areas shown in Fig. 16, D, 
E, F, G, H, and J are shrinkage cavities. In the wedges 
containing 0.35, 0.37 and 0.48 per cent boron the mot- 
tled zones were absent and the white portion of the 
wedge, containing 0.48 per cent boron (Fig. 16 J), 
consisted of a massive columnar structure whereas the 
white fractures of the other two irons (Fig. 16 G and 
16 H) showed randomly oriented crystals. Depths of 
chill of plate and wedge specimens are given in Table 
1. Depths of chill of the plate are expressed in per 
cent of their height (4 in.). Depths of chill of the 
wedges are given in inches. 

Vickers hardness determinations were made on the 
white portion (clear chill) of the chill plate specimens, 
using a 50-kg load. The results of Vickers overall hard- 
ness values are presented in Table 4 for various heats 
of stock iron D-107. In general an increase in the Vick- 
ers numbers accompanied an increase in boron con- 
tent. The relationship was particularly significant for 
irons containing 0.35 to 0.48 per cent boron. This 
correlation existed only among specimens made from 
the same basic irons. It is noteworthy that Vickers 
hardness number of the chill plate containing 0.48 per 
cent boron was approximately 720 (equivalent to ap- 
proximately 620 to 650 Brinell) which is considerably 
higher than that value for ordinary white iron whose 
Brinell numbers range from 320 to 530. 


TasBLe 4—INFLUENCE OF BORON CONTENT ON 
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Microstructures of the chilled portions of chill plates 
containing different amounts of boron are shown in 
Fig. 17. The characteristic structureless constituent in 
some cases cored with pearlite, previously discussed 
(Fig. 9 to 12 inclusive) were also observed in these 
chilled areas. 

Summary 

A study was made to ascertain effects of boron addi- 
tions on microstructural features and mechanical prop 
erties of plain gray cast iron. Transverse test bars and 
chill specimens containing up to approximately 0.5 
per cent boron were cast. Results and conclusions are 
as follows: 

1. Boron containing cast iron suffered no significant 
boron losses during one or more remeltings. 

2. Of the elements present in cast iron, only carbon 
appeared to show a consistent decrease with an in- 
crease in boron. 

3. Cooling curves, obtained during solidification of 
melts, indicated that increasing amounts of boron pro- 
duced progressively increased undercooling effects and 
lessened the temperature difference between the ap- 
parent liquidus and solidus, thus indicating an ap- 
proach to the eutectic composition. 

4. For bars showing a gray fracture after boron addi- 
tion, there was a slight increase in moduli of rupture 
and elasticity. Appearance of a white network or 
white specks on the fractured surface usually was ac- 
companied by a drop in transverse strength and de- 
formation, and an increase in modulus of elasticity. 

5. Susceptibility of different irons to chill increased 
with an increase of boron content. 

6. Brinell hardness determinations made on trans- 
verse test bars, in general showed an increase in hard- 
ness with an increase in boron content. Vickers hard- 
ness determinations on the white portion of the chill 
plates also showed in most cases an increase in hard- 
ness with an increase in boron content. 

7. As the boron content of the irons increased the 
amount and size of graphite flakes decreased; simul- 
taneously there was an increase in the amount of free 
carbide. With boron contents of 0.29 per cent or more, 
the structure of the irons consisted essentially of a mat- 
rix of cementite containing islands of pearlite and 
islands with a practically unresolved structure. The 
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\ll heats were made from basic stock iron D-107.* 





Heat Boron 
No. content. Chill plates 
A Clear Mottled Potal 
chill, zone, chill, 
: sf : c “ c 
108 0.002 9.5 1.0 13.5 
118 0.055 17.5 7.5 25.0 
115 0.06 17.5 7.5 25.0 
114 0.16 21.0 11.5 $2.5 
113 0.20 24.0 76.0 100 
112 0.32 30.0 70 100 
109 0.35 31.0 69 100 
116 0.37 100 0 100 
117 0.48 100 0 100 


* Figures 15 and 16 show fractured surfaces of chill test specimens (plates 


Depth of chill 


Hardness tests made on white 
Chill wedges portions of chill plates, 


Clear Mottled Total 


Vickers overall 
chill, zone, chill, hardness average 

in. in. in. values 

0 0 0 560 

0 0 0 _ 

0 0 0 605 

0 0 0 615 

0 0.60 0.60 610 

1.0 50 2.50 620 

2.40 0 2.40 630 

2.50 0 2.50 685 

2.25 0 2.25 720 


and wedges) listed in this table. (2 wrnmr™ ~~ 
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A—Total C, 3.17; Si, 2.24; P, 0.69; Mn, 0.46; S, 0.022; B, 0.004. C—Total C, 3.11; Si, 2.29; P, 0.71; Mn, 0.46; S, 0.024; B,0.17. 
B—Total C, 3.15; Si, 2.30; P, 0.71; Mn, 0.47; S, 0.024; B,0.085. D—Total C, 2.98; Si, 2.22; P, 0.69; Mn, 0.40; S,0.020; B,0.29. 
E—Total C, 3.05; Si, 2.32; P, 0.68; Mn, 0.44; S, 0.024; B,0.33. 

Fig. 17—Microstructure of chill plates prepared from stock iron G-137. Etched with 1% Nital, 

1500x. 











pearlite areas appeared to be surrounded by a struc- 
tureless envelope which is believed to be ferrite. The 


“structureless” islands probably are very fine pearlite, 
which could not be resolved with the light microscope. 

8. No microstructural differences in the appearance 
of carbides in boron-treated and untreated irons were 
detected, although the cementite of boron-containing 
iron is thought to be of a complex nature. 
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DISCUSSION 


Chairman: R. G. McEtweer, Vanadium Corporation of Amer- 
ica, Detroit. 

Co-Chairman: A. E. Scnun, U. S. Pipe & Foundry Co., Bur- 
lington, N. J. 

D. S. CLark (Written Discussion):* About 15 years ago I made 
an extensive metallographic study of the iron-iron carbide-iron 
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boride system. The structure of a large number of alloys in 
this system was examined. These results were not published. 
They appear to have some bearing on the present paper. 

The authors refer to islands containing pearlite surrounded 
by a structureless envelope which they do not identify com- 
pletely. I have observed the same general structure in an alloy 
containing 3.19 per cent carbon, 0.12 per cent boron, and 0.49 
per cent silicon. These envelopes were revealed most clearly by 
boiling the specimen for 5 min in a reagent consisting of 10 per 
cent sodium hydroxide, 10 per cent potassium ferricyanide, and 
80 per cent distilled water. These envelopes were colored blue- 
green. Furthermore, the presence of slightly larger masses of 
the blue-green constituent was observed to be connected with 
the envelopes. From studies of other alloys in this system it 
was concluded that the envelopes consisted of iron boride. An- 
nealing of the specimen brought about coalescence of the con- 
stituent in the envelopes. The coalesced material was also 
stained blue-green. It was concluded that the iron boride pre- 
cipitated from solution provided the silicon content was rela- 
tively low. Alloys in which the silicon was relatively high did 
not show as extensive precipitation. These results indicate that 
the solubility of iron boride was not as great as indicated by 
Tammann. The influence of silicon on the solubility of iron 
boride has been indicated by Wever and Miiller. 

The authors do not mention the use of boiling alkaline ferri- 
cyanide in their work. I would be interested in knowing if 
they tried this etch. Some identification of the envelopes might 
be obtained in this manner. From my experience it would seem 
that the author’s conclusion that the envelopes are not austenite 
is correct. 

It is my belief that the phase diagrams of this system are 
probably in error. To the best of my knowledge recent work 
has not been done on the diagrams of the binary systems Fe-Fe,B 
and Fe,C-Fe,B. Considerable improvement has been made in 
the techniques of studying such systems since this very early 
work was done. The complex structure of Fe,C and Fe,B intro- 
duces complications in X-ray studies. However, with the interest 
that has been shown in boron additions to cast irons a real 
challenge is presented for some careful work along these lines, 

Mr. Krynitsky (Authors’ Reply to Mr. Clark): The authors 
wish to thank Prof. Clark for his written discussion. In his 
verbal reply to this discussion it was pointed out by Krynitsky 
that the etching reagents used in this investigation were: nital, 
picral, chromic acid, boiling sodium picrate, Marble’s reagent, 
and electrolytic etching with 10 per cent sodium cyanide. No 
boiling alkaline ferricyanide etch was used. However, in accord- 
ance with Prof. Clark’s suggestion an additional metallographic 
study was made. The specimens containing 0.29 per cent and 
0.33 per cent B (See paper, Fig. 11, 12 and 14) were repolished 
and etched for 5 min in the boiling sodium hydroxide-potassium 
ferricyanide-water solution. This procedure was repeated several 
times, but no coalescence of a constituent in the envelopes of 
the annealed specimen has been observed. It should be borne in 
mind that the silicon contents in these specimens (Si, 2.22 and 
2.32 per cent) were much higher than that (Si, 0.49 per cent) of 
the alloy used by Prof. Clark. 

The authors fully agree with Prof. Clark that the phase dia- 
grams of the iron-boron and iron-boron-carbon systems need 
further careful study and this subject may be suggested as a 
worthwhile topic for research in some college laboratory. 

C. O. Burcess:? It might be of interest that tests on the effect 
of boron additions of around 0.015 per cent to a high frequency 
melted iron indicated that it produced a very decided chill re- 
duction. Larger additions, on the other hand, produced a de- 
cided increase in chill. This behavior may be characteristic of 
a number of elements. For example, the same experience has 
been noted using magnesium, i.e., a decrease in chill with very 
small additions to this element. If larger amounts of magnesium 
are added, the chill goes up. It is believed that this analogous 
behavior of magnesium and boron is significant. 

During the war, interest in boron was considerable as regards 
replacing scarce materials, such as chromium. Production of 
chilled irons with high wear resistance is an example of one 
possible use. Reports were received, however, that indicated 
that the chill produced with boron was not as permanent or 
stable as that produced with other carbide forming elements. 


1 Assoc. Prof. of Mech. Engr., California Institute of Technology, Pasa- 


dena, Calif. 
2 Technical Director, Gray Iron Founders’ Society, Cleveland 
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In other words, the boron induced chill tended to break down 
and decompose under the effect of heat. 

Mr. Krynitsky: We did not observe a decided chill reduc- 
tion with 0.02 to 0.04 per cent boron contents. Of course, in 
discussing chill effect of boron, an important factor such as car- 
bon equivalent should be kept in mind. All our heats were 
divided arbitrarily into groups according to their boron con- 
tents. For each group the total depths of chill were plotted 
against the carbon equivalent of the iron examined. The plotted 
points were so widely scattered that the test data fall only 
approximately within zones or bands and not on lines. You may 
see that these bands in some cases overlap each other. In spite 
of this fact the data obtained seem to indicate that for the same 
carbon equivalents the depths of chill of different irons contain- 
ing 0.02 to 0.04 per cent boron showed a tendency toward an 
increase as compared with the untreated irons. This was more 
evident at a lower range of carbon equivalents. 

N. F. TispALe:* There are some points in this paper which 
should be cleared up. The first conclusion, that you do not lose 
appreciable amounts of boron in remelting, is not correct. You 
lose it, and you will recover as an average about one-third of 
the boron in the iron when you remelt it. 

As far as the increase of chill from boron is concerned, you 
must designate the type of iron you are treating. As Mr. Burgess 
said, during the war we used boron as a replacement for chro- 
mium. But when we used it, the question of carbon and silicon 
was the most important thing. You could add amounts of boron 
to an ordinary cast iron by any system of annealing we were 
able to perform, we could not get any precipitated carbon, or in 
other words, we could not get it soft. That point was used par- 
ticularly for places where we wanted a very hard iron to pene- 
trate certain things. 


8 Metallurgical Engineer, Molybdenum Corp. of America, Pittsburgh 


EFFECT OF BORON ON PLAIN CAsT Iron. 


In the application of boron for commercial limits, you ca 
readily see that with the cost of boron, you would not want | 
use percentages up around 0.2 and 0.3 because you can achie\ 
the same results by a cheaper carbide form. But today there i 
a considerable amount of boron used commercially in th 
limits of about 0.03 to 0.07 and in that way we take advantag 
of several facts. First, we get an increase in the depth of chil 
Secondly, we get a finer grain structure. And last, by utilizin 
heat treatment we are able to get a much greater pickup 0 
precipitated hardness heat treatments by the use of that amoun 
of boron when we can by larger amounts. 

A lot of the information given here, in my estimation is 
confirmation of work that has been done a long time ago. Whe: 
speaking of commercial limits, at the present time very littk 
work is being done with the boron content over 0.07 per cent. 

Mr. Krynitsky: What type of melting unit are you using i: 
your work? 

Mr. TispALe: We are using the electric furnace, cupola, ai 
furnace, etc. 

Mr. Krynitsky: All our melts were made in the high fre 
quency induction furnaces and our analyses show that there was 
either no loss or a very small loss in boron. 

J. T. MacKenzie:* In line with what has been said that the 
two melts with the very high carbon equivalent, about 4.60, ar 
the ones that show very pronounced improvement with the first 
addition of boron, in iron E with 4.14 C, something over 1 Si 
and only 0.033 B, the strength jumped from 34,000 to 43,000 psi. 
which looks about in the commercial percentages. So it looks 
like it might be a good thing for anybody who wants to make a 
few castings from direct metal. 

Mr. Krynitsky is to be congratulated on a nice piece of work 


* Technical Director, American Cast Iron Pipe Co., Birmingham, Ala 
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CORRELATION OF COOLING CURVE DATA WITH CASTING 


CHARACTERISTICS OF ALUMINUM ALLOYS 


By 


E. E. Stonebrook * and W. E. Sicha ** 


ABSTRACT 


Cooling curve data for a number of commercial aluminum 
casting alloys have been used to develop a type of solidification 
curve which shows with reasonable accuracy the relative propor- 
tions of an alloy solidifying at different temperatures. This 
fundamental study of the effect of alloy composition on the man- 
ner in which solidification occurs, and particularly on the volume 
of eutectic or eutectic and binary complex formed, has been sup- 
plemented by a mathematical method of analysis. The per cent 
eutectic or eutectic and binary complex values obtained from 
the solidification curves and from the mathematical analyses were 
in generally good agreement. Also, good correlation was ob- 
served between the solidification characteristics depicted by the 
curves and actual casting characteristics such as relative fluidity 
and resistance to hot cracking. 


SELECTION OF AN ALUMINUM ALLoy for an indi- 
vidual casting is frequently governed to a considerable 
extent by the relative ease with which the part can be 
produced from different alloys. Among the factors de- 
termining the castability of an alloy are its relative 
fluidity and resistance to hot cracking. Relative fluidity 
may be defined as the mold filling capacity of alloys 
cast at the same temperature. It may be used as a 
gauge of the relative tendency of alloys to produce 
castings free from misruns and cold-shuts, especially in 
thin sections. The effect of pouring temperature on 
the fluidity of a specific alloy is well known and is used 
extensively in the foundry to compensate for differ- 
ences in relative fluidity between alloys. Hot cracking 
refers specifically to cracking that occurs before solidi- 
fication of an alloy is complete. 

The casting characteristics of an alloy are governed 
generally by its composition, which controls the tem- 
perature range in which solidification occurs, and the 
relative amounts of metal solidifying at different tem- 
peratures. It has been reported!.*.34 that the hot crack- 
ing characteristics of a number of binary and ternary 
aluminum alloys are usually dependent on constitu- 
tional relations, and particularly on the quantity of 
eutectic formed during solidification. In general, resist- 
ance to hot cracking appeared to be proportional to the 


* Research Metallurgist and ** Assistant Chief, Cleveland Re- 
search Division, Aluminum Research Laboratories, Aluminum Co. 
of America. 
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volume of eutectic formed, with maximum cracking 
tendencies exhibited by alloys forming a relatively 
small volume of eutectic. 

This paper describes a method of translating cooling 
curve data into a form which indicates the approxi- 
mate proportions of aluminum alloys solidifying at 
different temperatures, and correlates these solidifica- 
tion characteristics with the fluidity and hot cracking 
tendencies of the alloys. The possibility of correlating 
certain alloy characteristics with curves in which per 
cent solid was plotted against temperature has been 
suggested by Edwards.® 


Material and Procedure 


Cooling curve specimens of 20 commercial aluminum 
casting alloys were poured directly in a permanent 
mold. In order to eliminate a potential variable, none 
of the alloys containing silicon as a major constituent 
was modified. Modification of these alloys would de- 
press solidification temperatures to a small extent. The 
chemical compositions of the alloys, given in Table 1, 
are all within specification limits. 

Cooling curves of each alloy were obtained by a 
method similar to that suggested by Smith® and al- 
most identical with that used by Fink, Willey and 
Stumpf". A diagram of the apparatus employed is 
shown in Fig. 1. The original cooling curve specimen 
was cropped and sawed into two pieces, each 13% in. x 
4 in. x 4 in. These were coated with a mold wash 
and placed in a stainless steel sheet specimen holder. 
This assembly was inserted in a tubular furnace of low 
heat capacity. The bead of a double thermocouple 
was placed between the two pieces. One thermocouple 
A was connected to a potentiometer which recorded 
the temperature of the sample. The other thermo- 
couple B was in series with and in opposition to a 
third couple C the bead of which was located near the 
heating elements of the furnace. Either heating or 
cooling curves may be obtained with this equipment. 

The specimens were heated initially until they were 
completely melted. On cooling, couple C was continu- 
ously at a lower temperature and, therefore, produced 
a smaller e.m.f. (electromotive force) than couple B. 
The difference in e.m.f. between couples B and C was 
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Fig. 1—Apparatus for thermal analysis. 
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TasBLe 1—CoMPosiITIONS OF THE ALUMINUM ALLoys UseEp IN CASTING COOLING CURVE SPECIMENS 








































Alloy No. Cu Fe Si Zn Mn Mg Ni 
43 0.02 0.45 4.90 ees 0.10 
108 4.27 0.58 3.04 0.16 0.02 
A108 4.37 0.66 5.26 0.18 pans 0.03 
112 7.03 1.11 0.98 k bite 0.20 0.07 
113 6.70 1.01 2.04 1.58 0.30 ont 0.03 
C113 7.06 1.02 3.46 1.74 0.37 a: 0.20 0.04 
122 10.17 1.01 0.47 0.19 ee 0.03 
A132 0.80 0.56 12.06 ie 1.14 2.4 0.03 
D132 3.33 0.85 9.06 0.21 0.79 0.75 0.05 
195 4.42 0.59 0.78 ae" 0.12 
B195 4.51 0.31 2.55 0.05 
212 7.98 1.02 1.20 Pas 0.07 
214 0.07 0.18 0.02 1.04 0.01 
F214 0.06 0.14 0.42 4.15 0.10 
B214 0.05 0.23 1.71 4.03 0.10 
220 0.09 0.12 0.09 bas ae 9.94 ae 0.02 
319 3.44 0.68 6.66 0.16 0.44 0.16 0.14 0.04 
333 3.80 0.83 9.25 0.19 0.36 0.41 0.35 0.03 
355 1.20 0.26 5.06 0.42 0.12 
356 0.30 6.78 
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Fig. 2—Alloy 108 cooling curve is shown by solid line. 
The dotted lines were used in determining the relative 
proportions of the alloy that had solidified at different 
temperatures. 


maintained constant by a controller which regulated 
the power input to the furnace. An essentially uni- 
form rate of extraction of heat from the specimen was 
thus achieved. Any marked departure from linearity 
in the recorded cooling curve indicated that solidifica- 
tion was occurring. 

An experimental detail that should be discussed is 
the relatively slow rate at which the cooling curve 
specimens were solidified, illustrated by the cooling 
curve in Fig. 2. Commercial castings under normal 
production conditions cool more rapidly but at widely 
different rates. However, it was found that cooling 
curves obtained with markedly different cooling rates 
were very similar in character. Slower cooling rates 
are an advantage because the curves can be more readi- 
ly interpreted. It was believed that use of the slow 
and controlled cooling rate would provide data for 
different alloys having the same relationship to casting 
characteristics that would exist in commercial castings. 


Solidification Curves 


As a first step in the correlation of cooling curve data 
with casting characteristics, it appeared desirable to 
translate these data into a form which would show the 
approximate proportions of each alloy solidifying at 
different temperatures. The method employed a hypo- 
thetical cooling curve representative of conditions that 
would prevail if no heat of fusion were liberated dur- 
ing solidification. Such a hypothetical curve is repre- 
sented by the dashed line AB on the reproduction of 
the cooling curve for alloy 108 in Fig. 2. This dashed 
line AB is a smooth curve drawn so that the slope of 
the upper portion is the same as that of the alloy 108 
curve above the liquidus temperature A, and the slope 


of the lower portion is the same as that of the 108 
curve below the solidus temperature C. The horizontal 
distance BC between line AB and the 108 cooling 
curve at the solidus temperature represents the dis- 
placement of the latter curve caused by liberation of 
heat resulting from solidification of the specimen. It 
was assumed that approximately the same amount of 
heat would be liberated by solidification of a specific 
volume of metal at any temperature in the solidifica- 
tion range. The percentage of the total displacement 
from the hypothetical curve AB at any point on the 
cooling curve would then be representative of the 
solidification which had occurred at that temperature. 

It is possible, on the basis of the preceding analysis, 
to compute the quantity of metal that had solidified at 
any point along a cooling curve of this type. The com- 
puted quantities of metal which had solidified at sev- 
eral selected points along the alloy 108 cooling curve 
are shown in Fig. 2. Each point is connected to line AB 
with a horizontal dotted line. For example, the line 
connecting the point marked 20 with AB is 20 per cent 
of the length of line BC. Accordingly, 20 per cent of 
the metal should have solidified at that temperature. 
The other points on the cooling curve were deter- 
mined in the same manner and these selected points 
were used to plot the “Temperature—Percentage of 
Alloy Solidified” curve for alloy 108 shown in Fig. 3. 
This type of curve will be referred to as a solidification 
curve as distinguished from a cooling curve. Actually, 
there probably is some variation in the heats of fusion 
of successively solidifying portions of an alloy, but the 
variation should not be sufficiently large to alter seri- 
ously the value of the solidification curves on a com- 
parative basis. 
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Fig. 3—Solidification curves showing the relative pro- 
portions of alloys 195, B195, 108 and A108 solidifying 
at different temperatures. 
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Fig. 4—Solidification curves showing the relative pro- 
portions of alloys A108, 319, 333 and D132 solidifying 
at different temperatures. 


Cooling curves of each of the alloys were analyzed in 
the manner described, and the data were used to plot 
the solidification curves presented in Fig. 3 through 8. 
Three or four alloys are presented on a single graph so 
that a comparison can be made of the effect of certain 
variations in composition on the manner in which soli- 
dification occurs. In order to facilitate comparisons, 
alloys 195, 112 and A108 are each included in two of 
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Fig. 5—Solidification curves showing the relative pro- 
portions of alloys 112, 113 and C113 solidifying at dif- 
ferent temperatures. 
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the figures. The alloys for which solidification curve 
have been constructed and the corresponding figur 
numbers are as follows: 
























Fig. No. Alloy No. 
3 195, B195, 108 and A108 
4 A108, 319, D132 and 333 
5 112, 113 and C113 
6 195, 112, 212 and 122 
7 214, F214, B214 and 220 
8 43, 355, 356 and A132 











The relationship between the chemical composition 
and solidification characteristics of alloys follows a 
logical pattern which is governed by the constitutional 
diagram for each system as it applies under metastable 
conditions. The effect of progressive additions of one 
of the common alloying elements to aluminum general- 
ly is to lower the liquidus temperature relatively slowly 
and the solidus temperature more rapidly until the 
eutectic temperature is reached. Under these condi- 
tions, vertical lines which are representative of different 
alloy compositions would intersect the liquidus and 
solidus lines at progressively lower temperatures as the 
distance from the aluminum side of the constitutional 
diagram is increased to the point of maximum solid 
solubility. In actual practice, the solidus temperature 
would be lower than indicated by the constitutional 
diagram because the rate of cooling does not permit 
attainment of equilibrium by diffusion. Further addi- 
tions of alloying element continue to lower the liquidus 
temperature and increase the proportion of eutectic 
formed at a constant temperature. 

In more complex alloys, primary crystallization oc- 
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Fig. 6—Solidification curves showing the relative pro- 
portions of alloys 195, 112, 212 and 122 solidifying at 
different temperatures. 












TEMPERATURE - °F 


I 1g. 


207 


at d 








E. E. STONEBROOK AND'W. E. SICHA 


urs in the same manner as in binary alloys except 
hat the precipitating aluminum phase contains more 
han one element in solid solution. Primary crystalli- 
ation of most of these alloys continues until the liquid 
vecomes saturated with two phases. At this stage of 
solidification the liquid has reached a composition 
represented by a point on one of the lines connecting 
the binary and ternary eutectic points on a constitu- 
‘tional diagram. Solidification proceeds with simul- 
taneous crystallization of the two phases in a manner 
similar to eutectic formation in a binary alloy except 
that the two separating phases are of different compo- 
sitions than that of the liquid. Therefore, the compo- 
sition of the liquid and the solidification temperature 
change continuously during this two-phase crystalliza- 
tion as represented by a point moving along the binary 
valley of a three-dimensional diagram toward the 
eutectic point. The solid formed during this binary 
crystallization in a ternary or more complex system is 
sometimes loosely referred to as a binary eutectic. In 
order to distinguish this from the true eutectic, which 
is the last material to solidify, the product of the two- 
phase crystallization will be called a “binary complex” 
in this paper. Complexes other than a binary also 
could be formed, but the compositions of most com- 
mercial aluminum casting alloys are such that not more 
than two discrete breaks, indicative of the formation 
of a complex and a eutectic, generally occur in cooling 
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Fig. 7—Solidification curves showing the relative pro- 
portions of alloys 214, F214, B214 and 220 solidifying 
at different temperatures. 
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Fig. 8—Solidification curves showing the relative pro- 
portions of alloys 43, 355, 356 and A132 solidifying at 
different temperatures. 


curves. It is possible, however, that the solidification 
of two complexes or a complex and the eutectic may 
merge because of similarity in composition and appear 
as a single bench on a cooling curve. 

The preceding points are illustrated by the solidifi- 
cation curves represented in Fig. 3 through 8. For ex- 
ample, the curves in Fig. 3 show the effect of variations 
in silicon content on the solidification characteristics 
of alloys containing about 4.0 to 4.5 per cent copper. 
About 91 per cent of 195 alloy solidifies as primary 
crystals and 9 per cent as eutectic probably the ternary 
(Al) - (Al-Cu) -a (Al-Fe-Si). The approximately 2 per 
cent higher silicon content of alloy B195 lowers the 
liquidus temperature and provides an excess of silicon 
over that required to form eutectic. This excess silicon 
forms about 15 per cent binary Al-Si complex. The 
curve for alloy 108 parallels that of B195 at slightly 
lower temperatures. ‘These alloys are not greatly dif- 
ferent in composition and similarly shaped curves 
would be expected. Alloy A108 with about 2.2 per 
cent more silicon than 108 has a markedly lower liqui- 
dus temperature and contains considerably greater 
quantity of binary complex. The amount of eutectic, 
which is controlled by the copper content of these spe- 
cific alloys, is similar to that formed in the other alloys 
in Fig. 3. : 

The comparisons that can be obtained from the 
solidification curves in the other illustrations will not 
be given in detail. Three curves are shown in Fig. 4 in 
addition to the one for alloy A108. These curves for 
alloys 319, D132 and 33 show the influence of still 
higher silicon contents on alloys containing from about 
3.3 to 4.4 per cent copper. 

The curves in Fig. 5 for alloys 112, 113 and C113 
reveal the effects of variations in silicon from 0.98 to 
3.46 per cent on the manner in which solidification 
occurs in alloys containing approximately 7.0 per cent 
copper. 
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The curves in Fig. 6 include alloys 195, 112, 212 and 
122 containing low silicon concentrations but with 
variations in copper. 

The curves for alloys 214, F214 anc B214 in Fig. 7 
show the effects of variations in silicon content on the 
solidification characteristics of alloys containing about 
4 per cent magnesium. The effect of a variation in 
magnesium content is shown by the 214 and 220 alloy 
curves in the same figure. 

The curves for alloys 43, 355, 356 and A132 in Fig. 8 
are intended primarily to compare the effects of varia- 
tions in silicon concentrations on the solidification 
characteristics of alloys relatively low in copper. 


Mathematical Analysis 


It appeared that it should be possible by mathe- 
matical analysis based on chemical compositions of the 
alloys, to compute the volumes of eutectics and com- 
plexes formed in commercial aluminum alloys. Such a 
method which is applicable to binary alloys had been 
described by Gulliver.8 The formula is developed on 
page 269, Volume 11 (1913), of this reference. Some 
extension and modification of the method was neces- 
sary to adapt it for analysis of complex alloys. De- 
tailed description of the analytical method and the 
actual computations are too voluminous for inclusion 
in this paper. The results of the mathematical analysis 
are of interest and have been included, since they are 
in generally good agreement with the data procured 
from the solidification curves. 


Comparisons of the per cent eutectic and binary 
complex values provided by mathematical analysis and 
those obtained from the solidification curves are given 
in Tables 2 and 3. Data on the binary alloys are in- 
cluded in the former table and the latter contains 
values for the complex alloys. 


TABLE 2—COMPARISON OF PER CENT EUTECTIC VALUES 
FOR BINARY ALLOYS OBTAINED FROM MATHEMATICAL 
ANALYSIS AND SOLIDIFICATION CURVES 





Eutectic Formed, Percentage by Volume 





Based on 
Based on Solidification 


Alloy No. Mathematical Calculations’ Curves 


43 37.0 43.0 
214 0.0 0.0 
F214 9.0 11.0 
B214 $2.5 31.0 
220 8.5 3.0 
355 38.0 42.0 
356 54.0 56.0 





* Computations were made using the formula by Gulliver given 
on page 269 of Vol. 11, Reference No. 8. 





Resistance to Hot Cracking 

During solidification of an alloy, the metal becomes 
coherent after a certain portion has solidified. If there 
is a relatively large reduction in temperature during 
subsequent solidification, thermal contraction in the 
coherent metal may cause cracking. It appears that 
the cracking tendency may be aggravated if only a very 
small quantity of eutectic is present and progressively 
reduced if larger amounts of eutectic or eutectic plus 
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TABLE 3—COMPARISON OF PER CENT EUTECTIC AND 
BinAaRY COMPLEX VALUES FOR COMPLEX ALLOYS 
OBTAINED FROM MATHEMATICAL ANALYSIS 
AND SOLIDIFICATION CURVES 





Eutectic Formed, 
Percentage by Volume 


Binary Complex Formed, 
Percentage by Volume 





Solidification Solidification 
Alloy No. Computed Curve Values Computed Curve Values 





108 20 22 6 
A108 38 45 9 
112 10 18 9 
113 3 6 
C113 16 21 
122 25 23 
D132 78 78 
195 2 0 
B195 12 a 
212 
319 53 
333 
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binary complex are formed. Small quantities of eutec- 
tic tend to form interdendritic films which constitute 
zones of weakness in the already coherent metal. Larger 
amounts of eutectic or eutectic plus binary complex 
may resist this cracking tendency in several ways. The 
solidification characteristics are changed so that there 
is not as large a temperature decrease during the final 
stages of solidification. This is accompanied by re- 
duced thermal contraction and correspondingly lower 
stresses in the coherent metal. Also, as the quantity of 
eutectic or eutectic plus binary complex formed in an 
alloy is increased, the alloy tends to become coherent 
at a progressively later stage of solidification because 
of the non-dendritic nature of such solidification. In 
addition, the eutectic fills or “heals” incipient cracks 
because of improved feeding. 

Obviously, it is difficult to consider all these factors 
in attempting to determine the resistance to hot crack- 
ing from the solidification characteristics portrayed by 
solidification curves. This is especially true since the 
binary complex and eutectic in many commercial alloys 
are formed in varying proportions at widely different 
temperatures and in most cases the binary complex 
solidifying at higher temperatures probably is not so 
effective in reducing hot cracking tendencies as the 
eutectic. However, if the curves in Fig. 3 are considered 
as an example, the four alloys form similar amounts of 
eutectic but widely varying quantities of binary com- 
plex. Accordingly, it would be expected that alloy 195 
would become coherent at an earlier stage of solidifica- 
tion than alloys B195, 108 and A108. In addition, 
there is a much greater temperature reduction during 
the later stages of solidification of alloy 195. There- 
fore, alloy 195 would be expected to be considerably 
more susceptible to hot cracking than any of the other 
three alloys. On the basis of the temperature decrease 
during the solidification of the last portion of each of 
the other three alloys as well as their binary complex 
contents, alloys B195 and 108 should have similar resis- 
tance to hot cracking, and A108 should be materially 
superior to both. These deductions are substantiated 
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by production experience. 

An empirical method of solidification curve analysis 
was devised that appeared to yield a good approxima- 
tion of the relative resistance to hot cracking of alloys, 
particularly those in the same system. It was assumed 
that all of the eutectic plus binary complex formed in 
an alloy is equally effective in delaying the inception of 
coherence and that coherence occurs when 30 per cent 
or less of an alloy is still liquid. The total per cent 
eutectic plus binary complex in each alloy was divided 
by four and that value subtracted from 30 to give the 
percentage presumed to be liquid when a coherent 
stage is first attained. The temperature reduction from 
the point where the alloy is assumed to become coher- 
ent to the solidus temperature is obtained from the 
solidification curve. These values are listed in Table 4 
in ascending order under “Coherence Range.” 


TABLE 4—RELATIVE RESISTANCE TO Hot CRACKING 
RATINGS OF COMMERCIAL ALUMINUM CASTING ALLOYS 
OBTAINED FROM SOLIDIFICATION CURVE ANALYSIS 
BASED ON COHERENCE RANGES! 





Coherence 
Range, °F 


Coherence 


Alloy No. Range, °F Alloy No. 





43 15 B195 54 
B214 18 113 61 
A132 27 319 66 
C113 27 108 

356 29 214 
355 33 122 
D132 34 212 
333 36 112 
A108 46 195 
F214 49 220 176 


* Lower coherence range values indicate higher resistance to 
hot cracking. 





The alloy having the smallest coherence range 
should have the best resistance to hot cracking. Ratings 
of the alloys on this basis and as determined by produc- 
tion experience are in general agreement. The relative 
positions in the coherence range scale of a few alloys 
would have to be altered slightly to make the ratings 
consistent with casting production observations. The 
only marked deviation in rating was for alloy 220 
which has substantially better resistance to hot crack- 
ing than is implied by the coherence range value. It 
is probable that these few rating disparities can be at- 
tributed to variations in strength and elasticity of the 
coherent metal at temperatures exceeding the solidus 
caused by differences in composition. 

Fluidity 

The relative fluidity of an alloy is controlled largely 
by its liquidus temperature and the temperatures at 
which successive portions of the alloy solidify. Liqui- 
dus temperatures constitute the major factor influenc- 
ing relative fluidities but subsequent solidification 
temperatures also are important. As an illustration of 
the effect of solidification characteristics on fluidity, 
solidification curves of four alloys are reproduced in 
Fig. 9 together with the fluidity values for these alloys 
determined by a standardized test procedure.® 
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Examination of only the liquidus temperature for 
alloys 43 and B195 would indicate that alloy 43 should 
be more fluid because its liquidus temperature is lower. 
Actually, however, alloy B195 has a measurably higher 
fluidity because the latter stages of solidification of that 
alloy occur at considerably lower temperatures than 
those of alloy 43, a factor that to a large extent controls 
solidification time, permitting alloy B195 to remain 
partially molten and to flow for a longer period of 
time. The same reasoning can also explain the appre- 
ciably higher fluidity of alloy 113 compared with alloy 
355 although both have nearly the same liquidus tem- 
peratures. 

An empirical method was devised for calculating the 
relative fluidity of an alloy based on the differences in 
solidification temperatures between 43 and that alloy. 
The temperature differences at the points where each 
alloy was from 0 to 100 per cent solid taken at 10 per 
cent intervals were used in the computations, these 
values being considered positive if alloy 43 tempera- 
tures were higher and negative if alloy 43 temperatures 
were lower. The sum of the difference in liquidus tem- 
peratures and one-half the average difference in tem- 
peratures at the other ten points, multiplied by 0.56, 
plus 100 (alloy 43 fluidity), equals the approximate 
fluidity of the other alloy. The calculated fluidity 
values for all of the alloys and the fluidity values de- 
termined by a standard test® for some of them are 
given in Table 5 in ascending order. In each set of 
values, the fluidity rating of alloy 43 was designated as 
100 and all others were adjusted to this base value. 

The computed and determined fluidity values agree 
sufficiently to indicate that there is a definite correla- 
tion between solidification temperatures and relative 
fluidities and that the method of computation em- 
ployed should provide a fairly good approximation of 
fluidity values determined by the described test condi- 
tions. Small variations in the chemical compositions 
of the ingot used in casting the cooling curve and the 
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Fig. 9—Curves illustrating the relationship between 


the solidification characteristics and relative fluidities 
of alloys 43, B195, 355 and 113. 
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TABLE 5—COMPARISON OF RELATIVE FLUIDITIES OF 
COMMERCIAL ALUMINUM CASTING ALLOYS AS DETER- 
MINED BY FLAT SPIRAL TESTS AND COMPUTATIONS 
BASED ON SOLIDIFICATION CURVES 





Relative Fluidity Values’ 








Alloy No. Computed Determined Difference 
214 78 
F214 81 we at 
195 83 85 2 
B214 88 
112 99 “Her 
43 100 100 Pea: 
B195 103 107 4 
212 104 . - 
355 109 109 0 
108 110 108 2 
122 110 ee ate 
113 115 118 3 
356 124 128 4 
A108 134 aed boa 
C113 135 129 6 
220 137 130 7 
319 141 139 2 
333 169 171 2 
D132 172 180 8 
A132 190 


* The relative fluidity values determined by means of flat spiral 
fluidity tests are on a volume basis and the specimens were pro- 
duced using a pouring temperature of 1350 F. The computed 
and determined fluidities for alloy 43 were arbitrarily designated 
as 100 and all other values were adjusted to this base value. 





fluidity specimens may have contributed to the minor 
deviations between the values procured by the two 
methods. 

It is realized that although solidification tempera- 
tures are probably the most potent factor in determin- 
ing the relative fluidity of an alloy, there are a number 
of other factors which may affect fluidity to some ex- 
tent. They include viscosity, specific heat, heat of fu- 
sion, surface tension and thermal conductivity of an 
alloy. In addition, differences in oxide content would 
be expected to have some influence on fluidity. 


Summary 

Information regarding certain casting characteristics 
of aluminum casting alloys, such as relative fluidity 
and resistance to hot cracking, has been obtained by 
analysis of the cooling curves. This analysis entailed 
conversion of the cooling curve data into a type of 
solidification curve in which temperature was plotted 
against the portion of the alloy solidified. Per cent 
eutectic and eutectic plus binary complex values se- 
cured from these solidification curves and by calcula- 
tions based on chemical composition agreed reasonably 
Vell. 

It was found that relative fluidity of an alloy is 
closely related to the liquidus temperature and the 
temperatures at which successive portions of the metal 
solidified throughout the solidification range. Higher 
relative fluidity values were obtained as the difference 
between the pouring temperature and the weighted 
average of the solidification temperatures became 
greater. In general, the resistance to hot cracking of an 
alloy was a function of its eutectic and binary complex 
content and the magnitude of temperature change in 





CASTING CHARACTERISTICS OF ALUMINUM ALLoy: 






cooling from a coherent state to the completely solidi 
fied condition. Higher eutectic and binary comple: 
contents and smaller temperature intervals, in coolin; 
from the coherent to the completely solid state, wei 
associated with higher resistance to hot cracking. 
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DISCUSSION 


Chairman: R. A. Quapt, Federated Metals Div., American 
Smelting & Refining Co., Perth Amboy, N. J. 

Co-Chairman: A. J. Jurorr, Bendix Products Div., Bendix 
Aviation Corp., South Bend, Ind. 

C. W. Wirtrters:* Do you think this type of test could be 
made sensitive enough to detect the effect of varying a single 
element within composition limits in an individual alloy? We 
know that 195 alloy may be more hot short if certain elements 
approach one end of the composition ranges. 

Mr. STONEBROOK: This is a new approach and we are not 
sure just what the potentialities of the method will be. How 
ever we hope it might be applied as you suggest and that varia 
tions in casting characteristics of a specific alloy may be ex- 
plainable on the basis of normal variations in chemical com 
position. We really have not gone far enough with this method 
yet to state definitely whether this can be done. 

Mr. Wirters: We certainly would have a real foundry tool 
if this could be accomplished. 

CHAIRMAN Quant: Does the author have any suggestions with 
regard to the possible effects of gas evolution in relation to 
hot short cracking? We have had experiences where the ‘addi- 
tion of hydrogen to a melt can completely change the hot 
cracking tendencies of nearly any alloy. Tests of this type, it 
would seem to me, would have to be set up in such a manne! 
that the possibility of effects of dissolved gas are taken into 
account. 

Mr. STONEBROOK: The ratings that have been ascribed to the 
different alloys were on the basis of specimens having com 
parable grain sizes and gas contents. Most of you are familia 
with the fact that an increase in gas content will reduce the 
hot cracking tendency ef an alloy and that grain refinement 
also tends to reduce that tendency to some extent. 


1 Aluminum Co. of America, Bridgeport, Conn. 
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INFLUENCE OF RATE OF HEATING ON FIRST STAGE 


GRAPHITIZATION OF WHITE CAST IRON 


By 


Richard Schneidewind * and D. J. Reese ** 


ABSTRACT 


Sections of step bars poured from the same heat were an- 
nealed at 1700 F. The rates of heating to 1700 F were 6500, 350, 
and 150 deg F per hour respectively between the temperatures 
of 1200 and 1700 F. It was found that the time necessary to 
complete first stage graphitization decreased as the heating rate 
was decreased. A quantitative comparison was made with the 
earlier work of Boegehold and very satisfactory agreement was 
found. It seems that 


log On/6 oo —30/R 


where @, = hours at 1700 F for first stage annealing after 
bringing to heat at R° F per hour 
co == hours at 1700 F for first stage annealing after 


bringing to heat infinitely fast, such as when a 
small sample is placed in a laboratory furnace al- 
ready at 1700 F. 

Preheating at 800 F showed some increase in annealing velocity 
although a proportional increase in time for heating to the soak- 
ing temperature seems better. 

Some theoretical discussion is presented regarding the mechan- 
ism of graphitization. 


Ir Is WELL KNOWN that the time required to 
decompose the massive carbides in white cast iron is 
influenced by many factors such as 

|. Soaking temperature 

2. Composition of iron 

3. Section size and cooling rate 

4. Superheat 
and perhaps many others. 

Boegehold! found that the rate of heating up to the 
soaking temperature was important; a slow rate of 
heating decreased the length of time necessary at the 
soaking temperature. He showed that castings heated 
from 1550 F to the soaking temperature, 1700 F, at 36 
deg F per hour were annealed in about one-fifth the 
time at this temperature as castings heated at 250 deg 
F per hour. Bornstein? in discussing Boegehold’s paper 
presented confirmatory data of his own. 

It was felt that this phenomenon merited further 
study and an attempt should be made to arrive at a 
quantitative relationship between heating rates and 


* Dept. of Chemical and Metallurgical Engineering, University 
of Michigan, Ann Arbor, Michigan. 

** Development and Research Div., International Nickel Co., 
New York City. 


the time for first stage graphitization. To this end 
three step bars from the same heat of white cast iron 
were used for annealing experiments. The iron con- 
tained 2.3 per cent carbon and 1.38 per cent silicon. 
The step bar and the method of studying the anneal- 
ing rate were described in a previous paper by the 
authors.* A sketch of the bar is given in Fig. 1. 

Specimens were cut from each section of each of the 
step bars. In the first test, a, pieces from each of the 
five sections were placed in a furnace at 1700 F and 
covered with charcoal. Within 15 min the pieces were 
at heat, representing an average heating rate of 6500 
deg F per hour. From time to time pieces were re- 
moved and examined metallographically for free car- 
bides. Table 1 presents the time for the last sample 
which exhibited carbides and for the first sample in 
which carbides were absent. 

Since cooling rate during solidification which is pro- 
portional to the section size influences the rate of an- 
nealing, the time of annealing varied between the 
various steps of the step bar. These annealing times 
have been correlated with the factor Volume/Area as 
described in the previous paper.* This,step bar, there- 
fore, made possible the use of five different samples 
where chemical composition, melting practice, and all 
other factors were constant except cooling rate. The 
factor, V/A, expressed in inches is also given in Table 
| for each section. 

The second test, b, was conducted in exactly the 
same manner except that the samples were inserted in 
a furnace at 800 F; when they came to heat they were 
heated to 1700 F in steps of about 100 deg F so that 
2.57 hr were required to reach the final temperature. 
This is equivalent to an average heating rate of 350 
deg F per hr. The results of examination for free 
carbides after heating for various intervals at 1700 F 
are also presented in Table 1. 

In the third test, c, samples were inserted in a fur- 
nace at 800 F; when they came to heat they were raised 
to 1700 F in 100-deg F intervals in 6 hr and 40 min 
which was equivalent to an average heating rate of 
135 F per hr. These results are given in Table 1. 

The data in Table 1 were plotted on a logarithmic 
scale against log V/A in Fig. 2 and the best lines were 
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Fig. 1—Step Bar. 








TABLE 1—ANNEALING TIME FOR STEP BARS 





Thickness, : 


Time, Hr, for Ist Stage Annealing at 1700 F 





in. V/A log V/A 


9 





—1.252 
—0.988 
—0.762 
—0.632 

-0.559 
—0.735 


0.056 
0.103 
0.173 
0.234 
0.276 
0.184 


0.125 
0.25 
0.05 
0.75 
1.50 
0.75 


VVVVVV 


* Tensile bar 


a. Heated from room temperature to 1700 F in 15 min = 6500° 
b. Heated from 800 F to 1700 F at 350° F/hr 
c. Heated from 800 F to 1700 F at 135° F/hr 


OeonrhNn = 


F/hr 


1.08 
2.30 
4.20 
6.10 
7.50 
4.55 


1.34 
2.89 
5.23 
7.53 
9.16 
5.60 


VVVVVV 
ROADRN = 





TABLE 2—ANNEALING TIME FOR BOEGEHOLD’s IRON 





R, Heating 


Specimen 
In. 


rate 


°F/hr 


in 1 


_ 


R 





0.0653 
0.0653 
0.249 
0.249 
0.184 


Small 
Small 
Large 
Large 
Test bar 


25 
5 
26 


267 
36 
228 
36 
$250 


0.00375 
0.0278 
0.00439 
0.0278 
0.00031 





drawn through the time ranges. The probable anneal- 
ing times, read from the graph are inserted in Table 1 
for further computations. 

Boegehold! has published quantitative data on the 
effect of heating rate on annealing. On p. 453 of his 
paper, he reported that a 54-in. diameter test bar “re- 
quired 26 hr to complete first-stage graphitization when 
placed in a furnace already at 1700 F whereas similar 
samples of the same iron heated from 1550 to 1600 F 
at 30 deg F per hr and from 1600 to 1700 F in 72 deg F 
per hr showed no massive carbides after 18 hr at 1700 
7” 

This value of 26 hr is practically the same as was 
obtained by one of the present authors‘ who found 
25.5 hr required for a test bar of iron from the same 


foundry when, heated under laboratory conditions, 
the time of heating was 14 hr from 70 to 1700 F, a 
heating rate of 3250 deg F per hr. 

Boegehold then described tests on two castings made 
of the same class of iron and which were tested after 
being heated from 1550 F to 1700 F at about 250 deg 
F per hr and at 36 deg F per hr respectively. It was 
concluded that the heating rate was most significant 
above the critical temperature and, hence, the rate of 
heating between 1550 to 1700 F was stressed. Born- 
stein? indicated that further benefit was obtained by 
holding at lower temperatures such as 1200 or 1350 F. 

Sketches of the Boegehold castings permitted the 
computation of the ratio of volume to area in inches, 
V/A, which values are presented in Table 2 along 
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LOG V/A 


J- 6500 
J- 350 


$+36 
J- 135 
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V/A (EXPRESSED IN INCHES) 


S-3250 Boegehold iron heated at 3250 F per hr Along the V/A axis: 
S- 250 " > ’ approximately 250 F per hr A, B, C, D, E refer to various sections of step bar 


S- 36 = ” . 36 F per hr = tensile test bar 
J-6500 Step bar iron heated 6500 F per hr = Boegehold iron, small section 
pe 6 ~ = 350 F per hr Boegehold iron, large section 
J- 135 135 F per hr 

Fig. 2—Annealing Time For Various Irons. 





2 


3 


First STAGE GRAPHITIZATION OF WHITE CaAstT IRON 


= HOURS PER !00°F. TEMPERATURE RISE 


4 5 7 10 20 30 40 50 70 


@, HOURS AT 1700° F. 


3—Relationship Between Rate of Heating and 
Annealing Time at 1700 F. 


Fig. 
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with the reported annealing times at 1700 F and the 
heating rates from 1550 to 1700 F. These values have 
been plotted in Fig. 2. 

It is to be noted from Table 2 that the annealing 
times for the samples from the smaller casting heated 
at 267 deg and 36 deg F per hr respectively vary in the 
ratio of 4 to 1. The samples from the larger casting 
heated at 228 deg and 36 deg F per hr respectively an- 
nealed in times varying as-5 to 1. In the case of the 
smaller casting where the annealing times were short, 
it is possible that the accuracy of measuring the an- 
nealing time is not great and a change in less than | 
hr from the reported times would place the ratio at 
5 tol. 

Best correlations between 6, the hours at 1700 F to 
complete first stage annealing, and R, the heating rate 
in deg F up to 1700 F were found when 6 was plotted 
on a logarithmic scale against 1/R. 

Figure 3 presents the data of Table 1 in lines 
labeled A through E representing the values for the 
five steps of the step-bar. These lines naturally are 
parallel and the equation of the lines is 

log 6== — 33 + b 
R 
where 6 = time in hr at 1700 F 
R = heating rate from 1200 to 1700 F in deg F 
per hr 
b = a constant varying with section size. 

The results of Boegehold from Table 2 are shown 
in the two longer lines. These lines are not exactly 
parallel to each other since, as pointed out above, the 
accuracy of determining annealing times is low when 
the annealing period is short. If the value reported as 
| hr were actually 0.8 hr (within experimental error) or 
if the value reported as 4 hr were actually 5 hr, the 
two lines would be parallel. 

Another manner of correlation is to compare the 


length of time necessary for annealing following a 
definite rate of heating with the time required afte 
heating up in a very short time where the rate of heat- 
ing approaches infinity. 

If each value for first stage annealing time, @,, from 
test b where the rate of heating was 350 deg F per n 
is divided by the corresponding 6, from test a, a definite 
fraction is obtained averaging 0.8067 or 80.67 per cent. 
If the values 6, from test c where the rate of heating 
was 135 deg F per hr are divided by their corresponding 
values of 6, the fraction averages 0.57 or 57 per cent. 
In other words, if laboratory tests indicate that an iron 
heated to 1700 F in 15 min requires 10 hr at tempera- 
ture to decompose carbides then a commercial treat- 
ment of the same castings will take only 5.7 hr at heat 
if brought to temperature at 135 deg F per hr. These 
computations are shown in Table 3. 


TABLE 3—First STAGE ANNEALING TIME COMPARED TO 
THAT OF SAMPLES HEATED ‘ro 1700 F In 15 Min 





Section Oy/ 8a 


A 0.8005 
B 0.7970 
Cc 0.8004 
) 0.8100 
0.8190 

0.8130 


0.8067 or 80.67°, 


O./ Oa 
0.5740 
0.5610 
0.5750 
0.5710 
0.5680 
0.5710 


0.5700 or 57.0% 


\verage 





For the Boegehold irons it is necessary to find what 
the time, 6 ,, would be for the two castings if heated to 
1700 F infinitely fast. This is obtained from Fig. 3 
where 1/R = 0. For the small casting it is 5.1 hr; for 
the large casting, 33 hr. The actual times found by 
experiment, divided by these values, have been given 
in Table 2. 

These values mean that these irons require between 
15 and 19 per cent as long a soak at 1700 F if heated to 
temperature at 36 deg F per hr than if they had been 
heated in a laboratory furnace up to 1700 F in less 
than 15 min. 
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The results are plotted in Fig. 4. The Boegehold 
results fall on a line log @, == —29/R which is slightly 
different from the results predicted from the step bars. 
Chis deviation can be explained by the fact that the 
rates of heating applied in one case between 1550 and 
1700 F and between 800 and 1700 F in the other. The 
deviation is not great so that it may be concluded that 
a slow rate of heating above the critical gives the most 
important increase in annealability of white cast iron. 
For practical purposes this influence may be stated: 

log 6, == -—-30 
R 
where R = rate of heating above the critical in deg F 
per hr and 6, = hours required at 1700 F after heating 
at R° F per hr divided by hours required at 1700 F 
after bringing to heat in a laboratory furnace in about 
15 min. 


‘Influence of Sub-critical Holding 
Specimens from another step bar of the same heat 
(test d) were placed in a furnace and heated to 800 F 
in 15 min and were held at that temperature for 5 hr. 


1 
R°F/HR R 
20 .05 


02 03 .05 
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The temperature was then raised in 100-deg F incre- 
ments to 1700 F in | hr and 45 min, equivalent to an 
average heating rate of 515 deg F per hr. Pieces from 
a tensile test bar also were treated in this test. 

The results of annealing experiments are given in 
Table 4. 


TABLE 4—TEstTs ON IRON HELD 5 Hr ar 800 F 
PRIOR TO ANNEALING 





64 
Section Time at 1700 F to 64 / 6. 
Decompose Carbides 





0.95 0.708 
2.00 0.693 
3.70 0.708 
5.30 0.703 
6.40 0.698 
1.0 0.714 


Average 0.704 or 70.4% 





The second column shows values obtained by plot- 
ting the data and drawing the best straight line. The 
last column presents the fractional time compared to 


L _ 
0.2 0.3 0405 07 1.0 


_TIME REQUIRED AT 1700°F AFTER HEATING AT R°F PER HOUR TO I700F 





*~ TIME REQUIRED AT 1700°F AFTER HEATING TO 1700°F IN 1/74 TO 1/2 HOUR 


Fig. 4—Relationship Between Rate of Heating and 
Annealing Time at 1700 F. 
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equivalent samples heated to 1700 F in 4 hr with no 
holding at 800 F (see Table 1). 

A heating rate of 515 deg F per hr would give a 
fractional annealing time of 0.842 or 84.2 per cent if 
no holding at 800 F were used. The pre-anneal soak is, 
therefore, useful. However, this cycle entails 

1. 5 hr at 800 F 

2. 1.75 hr to 1700 F 

3. 6.40 hr at 1700 F for section E 
or a total of 13.15 hr from 800 F until the temperature 
is dropped from 1700 F. 

If 6.75 hr were used to raise the temperature from 
800 to 1700 F a heating rate of 133 deg F per hr with 
no holding, this checks the conditions of test c above. 
The time cycle would be 

1. 6.75 hr from 800 F to 1700 F 

2. 5.23 hr at 1700 F for section E 
or a total of 11.98 hr. It would seem, therefore, that 
there is no significant saving in time to be gained by 
sub-critical holding. The time used in sub-critical hold- 
ing, properly distributed over the heating cycle should 
accomplish the same end. Of course, a cost analysis of 
fuel and furnace lining, danger from oxidation and 
other factors might change this picture. 


Theoretical Discussion of the Results 


The decomposition of carbide in iron which was 
cast white and reheated and the formation of temper 
carbon takes place in two stages: a) incubation and 
nucleation of temper carbon and b) the chemical de- 
composition of the carbide with the simultaneous 
growth of temper carbon. 

Stage a, although rather complex, is important since 
the more nuclei of carbon which are formed at this 
period the more rapid will be the decomposition of the 
carbide in stage b. 

Stage b, after nucleation is complete seems to take 
place as a monomolecular reaction: Fe;C — 3 Fe + C 
and the rate is affected by the quantity of carbide re- 
maining at any moment, by the temperature at which 
the reaction takes place, and by the nuclei of graphite 
upon which to deposit. 

Some of the factors influencing the reaction rate in 
stage a at a definite temperature are as follows: 

1. The degree of saturation of the austenite when 
the soaking temperature has been reached. 

2. The velocity of solution of carbide in the austen- 
ite to bring it to saturation. This in turn, is affected 
by the velocity of movement of the carbon atom, the 
maximum distance an atom must travel to saturate 
the center of the crystal, and the interfacial area ex- 
posed between carbide and austenite. 

3. The tendency to supersaturation and dissociation. 

4. The presence of the silicon or similarly acting 
atom in the austenite lattice to promote nucleation of 
temper carbon. 

In a white iron containing 1.3 per cent silicon, the 
pearlite constituent will contain about 0.60 per cent 
carbon. If the iron were heated instantaneously to 
1700 F, the austenite formed would therefore contain 
0.60 per cent carbon. The saturation point at 1700 F 
is, however, about 0.90 per cent carbon. Cementite 
must dissolve in the austenite and carbon atoms must 
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diffuse to the center of the crystal to bring it to satura 
tion. Until this is accomplished there is little likeli 
hood of nucleation of temper carbon. It is also prob 
able that the velocity of travel of a carbon atom is no 
constant as the concentration changes; it should diffus: 
more rapidly in carbon-free iron than in one which i; 
at saturation. Study must be made to determin 
whether the distance of travel or the surface area be 
tween cementite and austenite is the controlling factor. 

The difference in the carbon content of the origina/ 
pearlite of the white iron in light and heavy section is 
probably not appreciable. Hence, if the iron is heated 
to 1700 F very rapidly the degree of saturation of the 
austenite will be about the same in light and heavy 
sections. 

The distance that carbon from the cementite must 
travel to saturate the center of the austenite grain will, 
however, vary greatly. Table 5 shows the number of 
grains per lineal inch at 100x found in the five sections 
of the step bar. If the number of grains is designated 
N then 1/100N equals D, the diameter of the grains in 
inches corrected for magnification. The maximum dis- 
tance of travel of a carbon atom from the cementite 


TABLE 5—GRAIN SIZE FOR VARIOUS SECTIONS 


A = 2400N 
Interfacial Area 


5.37 0.00186 in. 13130 sq in./lb 
4.22¢ 0.00239 i 10120 ev 
3.06 0.00327 in. 7330 6=C” 
2.44 0.00410 i 5860 . 
2.02 0.00495 i 4850 = 


* This value was incorrectly given at 4.52 in publication 3 
in bibliography. Recheck of the original data shows 4.22 to be 
the correct value. 





1/100N = D 
(actual) 


Section N (at 100X) 








D= I1/100N 


CRYSTAL DIAMETER, INCHES, 


@, HOURS 


Fig. 5—Time of Annealing As Influenced by Grain Size. 
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o the center of an austenite grain equals 44 D. The 
value of D is also given in Table 5 and has been com- 
puted as actual distance, not modified by the magnifi- 
cation in making the photomicrographs. 

The diameter of the crystal will, however, be de- 
creased somewhat by the thickness of the carbide layer 
at the crystal boundaries. 

The area of carbide exposed to the austenite may be 
computed approximately. If the crystals are assumed 
to be either spheres or cubes, the specific surface of the 
austenite, that is, the area of austenite grain boundary 
surface per unit weight, will be 6/pD where p = the 
density and D is the diameter or cube length. 

This interfacial area between austenite and cement- 
ite has been computed in square inches per pound of 
metal and is included in Table 5. If the density of the 
iron is assumed to be 0.25 lb per cu in., 6/pD = 24/D 
or 2400 N. 

Figures 5 and 6 were drawn in order to determine 
whether the grain diameter, D, which is twice the dis- 
tance a carbon atom may travel, or the specific sur- 
face, 24/D, is the controlling factor in graphitization. 

Inspection of Fig. 5 indicates that although the time 
of annealing is influenced by the grain size, the rela- 
tionship is, however, not linear. Figure 6 does show a 
straight line relationship between the interfacial area 
of austenite to cementite and the logarithm of the 
time of annealing. For further confirmation, the re- 
sults for a step bar annealed at 1550 F have been in- 
cluded. This bar was heated at the same rate as the 
1700 F, test a, or from room temperature to 1700 F in 


a 
SPECIFIC SURFACE IN 
$Q. iN. PER POUND 


4 hr.’ The equation of the line is 
log 6 == —0.0001 A + b 
when 
== hours at the soaking temperature to com- 
plete graphitization 
= interfacial area in square inches per pound 
a constant characteristic of the iron, tem- 
perature, rate of heating, etc. 


log 6 = —0.00705 A + b 
when A is expressed in square centimeters per gram. 

It is reasonable to assume that little nucleation of 
temper carbon occurs until the austenite is saturated. 
Then there is a tendency to supersaturate. A balance 
is set up between material entering the austenite and 
material redepositing as carbide. Such action is en- 
countered during spheroidization of carbides in treat- 
ment of steels. 

If carbide dissociates, the carbon dissolves in the 
face-centered y iron in an interstitial position. If a 
lattice contains one carbon atom, the concentration of 
carbon in that lattice will be 5.09 per cent by weight. 

Silicon dissolves in y iron substitutionally. If a 
lattice contains one silicon atom in a corner position, 
the concentration of silicon in that lattice is 1.59 per 
cent by weight. If the silicon atom were to shift to a 
face position, the concentration of silicon in the lattice 
would then be 6.7 per cent by weight. 

When an iron of 1.3 per cent silicon is heated at 1700 
F, 0.90 per cent of carbon should be dissolved in the 
austenite at saturation. It will be seen that there are 


LOG @=~-.0001A + b&b C ENGLISH UNITS) 


LOG @=-.00705A + b CMETRIC UNITS) 


3 


4 5 


@, HOURS 


Fig. 6—Time of Annealing As Influenced By Interfacial 
Area of Carbide and Austenite. 
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not enough lattices for each lattice to contain only a 
silicon or a carbon atom; in some cases both might have 
to be present in the same lattice. This situation raises 
the concentration of dissolved material very high. 

Should a lattice contain one carbon atom inter- 
stitially and one silicon atom in the corner position, 
the composition of that lattice will be 93.5 per cent 
iron, 5.17 per cent carbon, and 1.51 per cent silicon. 
If the silicon could move to a face position, the compo- 
sition would be 88.3 per cent iron, 5.42 per cent carbon, 
and 6.30 per cent silicon. 

At the initial moment of heating, all of the silicon 
in the white iron will not be present in the austenite, 
some will be dissolved in the cementite. After satura- 
tion of the austenite has been reached, carbon, iron, 
and silicon atoms still tend to enter the austenite so 
that in the area near the cementite interface there is a 
great probability that the concentrations of carbon and 
silicon rise to above those which the y iron can hold in 
solution. If sufficient carbon atoms are expelled close 
enough together that they can form a graphite lattice, 
a nucleus or seed crystal of temper carbon is formed. 

The tendency to form carbon nuclei is hence in- 
fluenced by the amount of silicon present which may 
crowd out the carbon atom from solution. When a 
nucleus has formed, the “carbon-pressure” in the aus- 
tenite is reduced since as more carbon dissolves from 
the carbide it can migrate to and deposit on the 
nucleus. 

More nuclei are formed until a balance is reached 
between the number of carbon atoms entering solu- 
tion in the austenite from the carbon per second and 
the ability of the carbon atoms to move out of solution 
to a nucleus without overcrowding. 

The number of atoms entering solution per unit of 
time is dependent upon the surface area of cementite 
from which solution takes place and the temperature. 

The ability of the carbon to move is measured by its 
diffusivity which is a function of the temperature and 
concentration of the carbon already in the austenite. 

The matter of overcrowding is a function of the sili- 
con present. If no silicon were present the carbon 
would dissolve to saturation and any local supersatura- 
tion would be balanced by redeposition on the car- 
bide. Massari used this means to spheroidize the car- 
bide and toughen chilled iron car wheels.® It is also 
possible that silicon favors the ready dissociation of 
the dissolved carbide so that it is easier for the carbon 
to come out of solution as graphite than to redeposit 
as carbide. Elements such as chromium would resist 
such action. 

The driving force which causes the reaction to go to 
completion is due to differences in solubility of carbon 
in austenite. Austenite in contact with cementite will 
dissolve more carbon than austenite in contact with 
graphite. Hence, a solubility gradient or “carbon pres- 
sure head” is set up. 

Until this balance is reached and all the nuclei are 
formed, the general reaction Fe;C — 3 Fe + C does 
not proceed as a monomolecular reaction. After all 
nuclei are formed, their growth and the decomposition 
of carbide seems to proceed monomolecularly. 
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At high temperatures this first or nucleation stag: 
occurs so rapidly that the time required is negligib|: 
and the entire reaction seems monomolecular. 


Cooling Rate in Mold and Annealing Time 


A fast cooling rate in the mold produces smai| 
crystals, a slow one, large crystals. Small crystals wii! 
dissolve more rapidly at the soaking temperature duc 
to increased surface area of carbide. Hence, there is 
greater nucleation than is the case with coarse crystals 
and total annealing time is reduced. 

Figure 2 shows a direct relationship between log 4, 
the time to decompose carbides and log V/A. 

Figure 6 shows a direct relationship between log 4 
and interfacial area A. 

Heating Rates to the Soaking Temperature and 
Annealing Time 

A slow heating rate to the soaking temperature has 
been shown to increase the annealing rate at the soak- 
ing temperature and to increase nucleation of temper 
carbon.! A possible explanation of the behavior on 
the basis of the above hypothesis is as follows. 

In the case where iron is heated to temperature in- 
stantaneously, the austenite formed is quite unsatur- 
ated. Some time elapses during which carbide dissolves 
until saturation is reached. Further solution to super- 
saturation and the presence of silicon produce graphite 
nuclei. 

A balance is reached when the number of nuclei 
formed will accept carbon atoms as fast as they are dis- 
solved from the cementite and can travel from the 
cementite to the graphite. The number of nuclei 
formed under this set of conditions will, therefore, be 
X nuclei per cubic inch. 

When the iron is just above the critical temperature, 
in slow heating, the austenite formed will be approxi- 
mately saturated. Cementite tends to dissolve further 
and under the influence of silicon and supersaturation 
will form graphite nuclei. As the temperature slowly 
rises, the rate of solution of carbide increases faster 
than the carbon atoms can be transported to the exist- 
ing graphite nuclei; an overcrowding results and this, 
along with silicon, produces more nuclei. At each in- 
crement of temperature rise a new balance is struck 
between supply of carbon atoms and their deposition 
and more nuclei are formed. But since each increment 
of temperature rise is associated with an increase of 
solubility at saturation, if the heating rate is too fast, 
carbon must be used to saturate the austenite and 
there may not be enough carbon supplied to supersat- 
urate and fewer nuclei are formed. A slower rate of 
heating permits the maintenance of saturation and 
will, therefore, produce more than X nuclei per cubic 
inch. 

A mechanical analogy may be cited. Water con- 
tained in a steel tank will not flow out due to the re- 
sistance to flow set up by the steel sides and bottom. 
If a hole is drilled in the bottom, it represents a nega- 
tive resistance and water will flow out. The rate of 
flow at any moment will be dependent upon the pres- 
sure head in the tank; flow will be fastest at first but 
will diminish as the tank empties. If two holes are 
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drilled, the negative resistance to flow is doubled and 
water leaves twice as fast although the rate of flow at 
any instant is proportional to the pressure head of 
water in the tank. 

In white iron, the quantity of cementite to be de- 
composed represents a “concentration head.” In the 
absence of silicon the resistance to decomposition is 
very great. Silicon tends to throw carbon out of solu- 
tion in the form of graphite nuclei. Each graphite 
nucleus represents a negative resistance and increasing 
their number is similar to increasing the number of 
holes in the bottom of the tank of water. The rate at 
any moment at which cementite decomposes at con- 
stant temperature is dependent upon its “concentra- 
tion pressure head” which may be expressed as log C,/C 
where C, = amount of cementite originally present 
and C = amount of cementite remaining at any mo- 
ment. The rate of decomposition may be expressed as 

log C,/C = K@é 
where K is a constant and 6 equals time. If all other 
conditions such as temperature, section size, etc. are 
constant, K is a direct function of the number of 
graphite nuclei. 


Quenching White Iron Prior to Annealing 


It has been shown®:* that if a white iron is heated 
to above the critical temperature and quenched, sub- 
sequent annealing time is greatly reduced and nuclea- 
tion increased. Simmons® ingeniously heated a bar of 
white iron to 1500 F and water-quenched one end as in 
a Jominy bar. Thus, a range of cooling rates were in- 


duced. Subsequent heating tests showed that the num- 
ber of graphite nuclei per unit volume were maximum 
at the water quenched end and diminished gradually 
as the cooling rate toward the other end. 

An iron containing 1.3 per cent silicon, heated to 
1500 F will form austenite containing 0.70 per cent 
carbon as compared with 0.60 per cent carbon in the 
eutectoid. Upon quenching, all this carbon will re- 
main in solution as martensite. Upon reheating, when 
the critical temperature is reached, the austenite will 
be supersaturated by 0.70 — 0.60 = 0.10 per cent car- 
bon. This represents a high “carbon pressure” so that 
nucleation will be rapid. 

A somewhat slower cooling rate can form a fine pear- 
lite or troostite also of about 0.70 per cent carbon. 
Upon heating above the critical, the rate of austenite 
formation and supersaturation will be slow because 
more time is required to dissolve the carbide of the 
troostite than where the carbon is already in solution 
as in martensite. 

As the quenching rate diminishes, the amount of 
combined carbon in the pearlite diminishes and ap- 
proaches the equilibrium value of 0.60 per cent. Also 
as the size of the eutectoid cementite particles in- 
creases, their interfacial surface decreases as does the 
velocity of solution. Therefore, as the quenching rate 
decreases, the number of nuclei per. unit volume 
decreases. 


Holding at Sub-critical Temperature 


When a white iron is held at a temperature below 
the critical, 800 F for example, carbon from the car- 
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bide saturates the alpha ferrite. There will be some 
supersaturation and redeposition as carbide which re- 
sults in spheroidization of the carbides. If any possible 
graphite nucleation is ignored, there is still, however, 
interchange of iron, carbon, and silicon between ce- 
mentite and ferrite. 

The carbide phase is, naturally, not pure cementite 
but more, probably a solution of iron and silicon in 
cementite. The solubility of silicon in cementite is 
probably higher at high temperatures than at low. 
The process of solution of the carbides and their re- 
deposition would result in an increase.of silicon in the 
ferrite phase since the redeposited carbide would con- 
tain only so much silicon as is soluble at equilibrium 
at 800 F whereas the original carbide contains higher 
silicon that was not adjusted, to equilibrium during 
the relatively rapid cooling in the mold. When this 
iron is heated to just above the critical temperature, 
the austenite is richer in silicon than if no preheat 
had been used and the tendency for nucleation of 
graphite is thereby increased. 
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DISCUSSION 


Chairman: R. P. Scnauss. Illinois Clay Products Co., Chicago 

Co-Chairman: W. D. McMILLAN, International Harvester Co., 
Chicago 

H. A. ScHwartz (Written Discussion)" The earlier part of the 
paper deals with material of much interest and possible utility 
to the practical foundryman. For this purpose one perhaps need 
not go into detail as to the exact precision of various observa- 
tions. This precision and the method of evaluation is perhaps 
as good as operating practices in their present state require. 

With regard to the theoretical part of the discussion, this 
commentator views the graphitizing process as much more com- 
plicated than the two stages of incubation and nucleation 
followed by a mono-molecular reaction which the authors assume 
to be the case. Apparently this would require for the time- 
graphite curve during isothermal graphitization in the gamma 
iron range, a logarithmic curve beginning at a finite time. 
Actually such curves are sigmoid in shape and their possible 
genesis has been discussed (“The Kinetics of Graphitization in 
White Cast Iron,” by H. A. Schwartz—Trans., ASM vol. 30, 1942, 
Page 1328) elsewhere. 

This paper is mathematically quite complex but indicates 
how initially the rate of graphitization is influenced either by 
the linear crystallization velocity of graphite or the rate of 
solution of cementite, next by the migratory rate of carbon 
through its solution in gamma iron, and lastly by the rate of 
decomposition of carbide. 


1 Director of Research, National Malleable & Steel Castings Co., Cleveland 
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Our own experiments also are not in accord with the idea 
that cementite dissolves silicon. Many years ago this com- 
mentator, with Mrs. Hird, published a paper indicating that 
when cementite is isolated electrolytically from white cast iron, 
most of the silicon of the alloy is found with the cementite resi- 
due. At that time we were not able to say whether it was a 
portion of the cementite or entrapped in the cemenite. Recent 
work completed by Hedberg in the commentator’s laboratory, 
has indicated that ‘the silicon found with the cementite is 
actually present as the oxide, and therefore was not dissolved in 
carbide. 

The phrase used by the authors “It is also possible that 
silicon favors the ready dissociation of the dissolved carbide” is 
of very great interest to the commentator since it implies that 
iron carbide is dissolved in gamma iron as a molecule. This has 
been his view for sometime but heretofore most of his critics 
have insisted that there is no evidence of the solution of indisso- 
ciated carbide in gamma iron. If the phrase was more than a 
chance remark, this commentator would be particularly grateful 
for an expression of the reasons which the authors find satis- 
factory for an assumption with which he himself agrees. 

Mr. SCHNEIDEWIND (Authors’ Written Reply to H. A. Schwartz): 
The sigmoid type of curve referred to by Dr. Schwartz as repre- 
senting the graphitization of white iron is the type obtained by 
plotting experimental data. At high temperatures around 1700 
F, however, his first branch is negligible in computing com- 
mercial annealing cycles. Theoretically, it is important. 

This type of curve can be obtained by two methods: the re- 
action equation might be written 

log C. = ¢ 
Ce 

C, = initial graphitizable carbon 

C@ = graphitizable carbon remaining at any time @ 

n = an exponent; if the reaction is pure first order, 

n= 1 

Such an equation can be written to duplicate empirically the 
experimental data but has no theoretical basis. 

The second method is to postulate two successive reactions, 
the rate of the second depending upon the one of products 
formed in the first. The authors believe that cementite may 
dissolve as such. Dissociation then takes place into iron, carbon, 
and possibly silicon atoms which tend to disperse in the aus- 
tenite. At local points supersaturation of dissolved carbon and 
silicon becomes high enough to overcome the resistance to nucle- 
ation and a center of temper carbon forms. In the vicinity of 
this graphite nucleus the carbon atoms move to this center thus 
depleting the solution; more carbide dissolves, dissociates, and 
more carbon atoms deposit on the graphite. This last phase 
apparently proceeds monomolecularly. Any factor which favors 
more rapid solution or more rapid dissociation will increase the 
number of temper carbon centers; any material such as Cr 
opposes this action and results in slower graphitization. I be- 
lieve that Dr. Schwartz and the authors are in agreement in the 
broad view of the mechanism of malleabilization. More precise 
experimental work is required to bring the subject to an exact 
mathematical solution. 

The presence of silicon in the carbides was reported by Hat- 
field (Cast Iron in the Light of Modern Research, Chas. Griffin 
& Co., London, 1928) on pages 103 and 104. Analysis of one bar 
is quoted here: Carbon, 2.91 per cent; Silicon, 0.66 per cent. 
Analysis of the carbide: Carbon, 6.59 per cent; Silicon, 0.58 per 
cent. 

J. E. Renver (Written Discussion):* This paper constitutes a 
valuable addition to the literature on the mechanism of first 
stage graphitization of white cast iron. The experimental results 
on effect of heating rate will be useful in laboratory and theo- 
retical work, and especially in translating laboratory results into 
commercial practice. 

The discussion of effects of heating rate and of holding at 
sub-critical temperature on the total time necessary for first 
stage annealing, appears to corroborate an opinion of the writer 
that the effect of slow heating rates or sub-critical holding on 
total first stage annealing times has been over-emphasized from 
the practical viewpoint. Usually commercial annealers are in- 
terested in the total time necessary in the furnace for complete 
anneal, and in keeping the time as short as possible consistent 
with desired mechanical properties, so that a minimum number 
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of furnaces will be necessary to anneal a given tonnage of cast- 
ings per month. Assuming a starting point of 800 F as in the 
paper, Table 1 may be rearranged as in Table A. 


TABLE A 





Heating Rate Time for Time at Total 
800-1700 F, Heating, 1700 F, Time 
°F/hr Hr Hr Hr 


6500 0.25 1.34 1.59 
350 2.54 1.08 3.62 
135 6.66 0.77 7.48 

6500 0.25 2.89 3.14 
350 2.54 2.30 4.84 
135 6.66 1.62 8.28 

6500 0.25 5.23 5.48 
350 2.54 4.20 6.74 
135 6.66 3.00 9.66 

6500 0.25 7.53 
350 2.54 6.10 
135 6.66 4.30 

6500 0.25 9.16 
350 2.54 7.50 
135 6.66 5.20 

6500 0.25 5.60 
350 2.54 4.55 
135 6.66 3.20 








It is evident from Table A that the minimum total first stage 
annealing time is obtained by heating at as fast a rate as pos- 
sible. 

The demonstration of the correlation of time necessary for 
first stage annealing with the specific area of austenite-cementite 
interface, given in Fig. 6, is considered most valuable, from 
both theoretical and practical viewpoints. 

The discussion on the mechanism of formation of graphite 
nuclei is interesting, and the writer agrees with the described 
effect of silicon atoms in the austenite lattice. However, the 
postulated mechanism of nucleation, as such, depending on the 
chance association of carbon atoms into a graphite lattice is 
unconvincing, since when based on probability this apparently 
could occur anywhere sufficient carbon is present, and therefore 
could take place in a commercial plain carbon steel. 

Once nucleation is established, the driving force of the con- 
tinued cementite decomposition reaction is apparently attributed 
to the difference in solubility of carbon in austenite from ce- 
mentite and from graphite, and this explanation leaves some 
room for conjecture, since the mechanism is not clear. 

The explanation of the effect of holding the white iron at 
800 F before annealing is not considered adequate, since it is 
apparently based on the assumptions of considerable diffusion of 
atoms and spheroidization of carbide, which are believed un- 
justified by the very slow rates of diffusion at such low tempera- 
ture. In particular, spheroidization of pearlite at 800 F is be- 
lieved to be small in amount (if measurable at all) in a few 
hours at 800 F. 

The reference to the role of silicon in nucleation and graphi- 
tization is of considerable interest to the writer, as in his 
opinion, based on evidence gathered for some years, the part 
played by silicon in the mechanism of graphitization of white 
and gray cast irons is a major one, and it is believed that the 
description of the effect of silicon can be extended much farther 
than in the above paper. 

Briefly, in the opinion of the writer, the driving or accelerat- 
ing force of graphitization in iron-carbon-silicon alloys is -con- 
sidered to be the diffusion of silicon atoms (contained largely 
in the original austenite) to cementite-austenite interfaces and 
the forcing of carbon atoms out of the cementite lattice by dis- 
placement. The heat of formation of iron-silicon alloys is con- 
siderably higher than that of iron-carbon alloys, and at equili- 
brium only an iron-silicon solution and free graphite can exist, 
at least with silicon contents up to 4 to 6 per cent. The specific 
rate of graphitization is therefore controlled at any instant by 
the concentration of silicon atoms per unit area of cementite- 
austenite interface, and the net rate of graphitization is there- 
fore controlled by concentration of silicon, amount of interface, 
and rate of diffusion of silicon atoms. 

It is considered that nuclei for graphite deposition are formed 
in numbers sufficient to receive precipitating graphite, and hence 
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are a result, not a first cause, of graphitization. Large numbers 
of temper carbon nodules per unit volume are therefore a 
result of high carbon precipitation pressure due to higher silicon 
content and larger specific interface. There are many indica- 
tions that the rate of diffusion of carbon atoms is much too 
rapid to account for observed graphitization rates, and the 
slower rate of diffusion of silicon is of more nearly the correct 
order of size. The writer plans to assemble the data at hand 
and eventually present a detailed hypothesis with substantiation. 

Mr. SCHNEIDEWIND (Authors’ Written Reply to Mr. Rehder): 
The thoughtful discussion of Mr. Rehder is appreciated and an 
attempt will be made to reply to the points he raised and which 
perhaps were not adequately developed in the paper. 

Graphitization can take place in ordinary commercial steel. 
High carbon tool steels improperly heat treated sometimes de- 
velop temper carbon. In Timken graphitic steel graphite is de- 
liberately produced. Of still greater commercial importance is 
the graphitization of welded steel pipe to be used in high 
pressure steam lines at temperatures around 1000 F. These steels 
contain about 0.15 per cent C. After use, brittleness develops at 
a point near the weld. Examination shows complete graphitiza- 
tion to temper carbon. The problem is so serious to large power 
plants that the joint ASTM-ASME Research Committee has been 
studying the phenomenon for several years. I am adding a short 
bibliography. 

The solubility of carbon in y iron in contact with graphite is 
less than the solubility of carbon in y iron in contact with car- 
bide. This was recognized long ago and many curves have been 
presented to show the difference between carbon in “Boydenite” 
and in austenite. If in the region surrounding a particle of 
temper carbon, a carbon atom tends to come out of solution, 
this region is no longer saturated. It is easier to take a carbon 
atom from austenite adjacent to the zone than to redissolve the 
carbon back from the temper carbon. Then the outer region is 
unsaturated by one atom and saturation is maintained by solu- 
tion from the carbide. 

It is probably true that there is little actual spheroidization 
in a few hours at 800 F but the tendency does exist. We have 
observed plenty of spheroidization in locomotive cylinders and 
pistons in operation is steam at 750 F. One piston ring was 
removed since it had lost its “spring.” Examination showed 
complete spheroidization. 
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V. Pascnkis (Written Discussion):*5 The authors presented a 
very interesting study of the graphitization of white cast iron. 
This process seems to be based on diffusion which in turn is a 
function of temperature. Similarly the reactions which take place 
are a function of temperature. The authors attempt to estab- 
lish rules to determine required times as function of thickness 
of the piece. They do this by exposing pieces of different thick- 
ness to a furnace the behavior of which (temperature; rate of 
temperature change) they record. In order to study pieces of 
different thickness they use a “step bar.” There is a major ob- 
jection against drawing a conclusion from such a step bar. It is 
inevitable that heat flows in the longitudinal direction of the 
bar. Thus, the inside temperatures of, say, the 34 in. section will 
be influenced by the temperatures of the 14 in., 14 in. and % in. 
section. In other words for each section the adjacent thinner sec- 
tions act as “fins.” 

It would appear that a more satisfactory approach to study 

% Technical Director, Heat and Mass Flow Analyzer Laboratory, Columbia 
University, New York 
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the graphitization at the hand of a very thin sample in which 
temperature differences may be neglected and to calculate the 
graphitization in thicker sections from the laws of heat transfer 
and the laws of diffusion. 

Attention should also be paid to the fact that depending on 
the “boundary conductance” (coefficient of heat transfer from 
the flames or the resistors to the surface) a different lag in time 
of surface temperature increase will be experienced. 

J. H. Lanstne:* The discussion of the paper by Dr. Schneide- 
wind and the discussion by Mr. Rehder is very interesting. With 
regard to the latter, and the fact that the heating of castings to 
the high annealing temperature as rapidly as possible effecting 
the shortest time, I think it might be pointed out there are 
certain restrictions on that. One is in the case of fairly large 
castings, that the castings can be heated so rapidly that, instead 
of having one casting at the end of the anneal, you will have 
two or three. There is a tendency for the castings to crack in 
the hard iron condition if heated too rapidly. Another is that 
in certain cases, greater economy may be effected by a slower 
heating than the fastest possible, using a lower temperature oven. 

On the general subject of this paper, the influence of the 
heating rate, the effect of preheating, it is my understanding 
that Carl Lauenstein of the Link-Belt Co. was the original in- 
vestigator who established the importance of preheating or rate 
of heat, and I think it might be interesting to ask Mr. Lauen- 
stein if this work by Boegehold and others has substantially con- 
firmed his original findings? 

C. F. Lavenstein:® That work was done some 15 years ago. 
There were some patents taken out on it at that time, on pre- 
heating at lower temperatures and completing graphitization at 
the higher temperatures. 

Dr. PAscHKis: We must take into consideration the type of 
furnace, the size of the furnace, the kind of hearth used in the 
furnace, and know whether it was laboratory furnace or practi- 
cal furnace. 

Reference was made to applying the results of this paper in a 
large production furnace. I would suggest that it must be car- 
ried out first in a small, sample furnace and get the time for 
the various transformations. 

Mr. SCHNEIDEWIND: Dr. Paschkis’ statements are well taken 
with regard to the time it takes to heat the casting. In this 
work, the large pieces were cut with a rubber wheel using plenty 
of water to prevent preheating, so that we would get about the 
same rate of heating at the center of pieces of the big casting as 
with the smaller parts. 

I believe that this ratio of volume over area is at least as 
accurate a means of measurement as the uniformity of the 
material warrants. You could not take these results and run 
your own iron in commercial work with the identical cycle. 
However, I believe the results will be comparable, that a heavier 
casting takes longer than a smaller casting, and that a slower 
heating rate will give you a shorter holding time, smaller graph- 
ite spots, and faster second stage. 

In the discussion by Mr. Rehder, he specifically excluded the 
matter of second stage graphitization. It is true that your 
overall time would be minimum if you could heat your castings 
instantaneously, which is, of course, impossible. But by heating 
that rapidly you will get the poorest graphite temper carbon 
spot distribution and the second stage graphitization time would 
be increased. I believe there is a happy medium, some rate of 
heating which can be done economically without a tendency to 
warp, without major differences in temperature from one casting 
to another and taking also into account the second stage of 
graphitization. There ought to be some happy medium which 
would give us the lowest cost. 

W. K. Bock:* In Fig. 6 the area is equal to 24/D, which I 
believe, was the diameter of the grain. In subsequent comments, 
it seems to me that Dr. Schneidewind has taken the stand that 
the theta relationship is a sufficient condition, not a necessary 
condition, leaving the way open for an inclusion of a factor 
later of the grain size itself. After all, the theta relationship 
would be expected to be an inverse relationship, which is what 
we have in Fig. 6. 

In the paper the authors say that the saturation of the aus- 
tenite is a necessary prelude to nucleation. It seems to me with 


4 Technical and Research Director, Malleable Founders’ Society, Cleveland 
5 Chief Metallurgist, Link-Belt Co., Indianapolis, Ind. 
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carbon migrating through this material, through the austenite 
grains, that it must migrate as carbon. Therefore, there is a 
chance always that there will be some carbon atoms coming close 
enough together to form the nucleus. Once formed, I see no 
reason why it should not grow to some equilibrium condition. 

That of course, throws the question of the theory into a sta- 
tistical investigation. 

We often hear the metallographers talk about the graphite 
forming at an interface between austenite and cementite more 
than any other place. I do not know whether that is qualitative 
or imagination and would like to have Dr. Schneidewind com- 
ment on that condition. 

Dr. SCHNEIDEWIND: I have been trying to avoid theory in the 
oral presentation. I can measure the diameter of the crystal. 
Then, if we assume that the cementite has a negligible thick- 
ness, it is simple to find out the surface area of the crystals by 
the formula: 6 divided by the density times the diameter of 
the crystal. It is not absolutely rigorous because there is some 
thickness to the cementite ring around each particle, but at least 
it gave us a closer correlation than the diameter of the crystal. 

The theory of simple chance migration of carbon through the 
austenite would result in temper carbon spots whether silicon 
is present or not. My theory is that carbon migrates through 
the austenite and if there is a silicon atom in a certain lattice 
and a certain position and carbon gets into that lattice, terrific 
overcrowding results because the silicon can occupy different 
positions and in some positions it is much more effective in the 
lattice. That is my idea of how we get the first nucleus. 

The question was raised as to how fast iron can be annealed. 
I think more work ought to be done on nucleation of temper 
carbon because from there on it is easy, it is more or less a 
simple chemical reaction. 

The last point was that graphite always occurs at the ce- 
mentite interface. Vhat is not absolutely true. I think it tends 
to be there because if the cementite dissolves, the concentration 
of carbon is going to be very high in contact with the cementite. 
It is possible to graphitize steels that have no cementite. In 
Timken’s “Graph-Sil,” about 1 per cent C and 1 per cent Si, 
heating to over 1700 F, any carbide is completely dissolved in the 
austenite, yet that material will form temper carbon spots. It 
can then be heated high enough to roll out into blocks of which 
they make wire drawing dies. I do not believe that we have to 
have cementite in every case in order to form graphite. 

N. A. Ziecier:* One should be careful in comparing graphi- 
tization of cast iron with that of steel. In the former case it 
occurs mostly when the metal is in the austenitic state, while in 
the latter it has primarily been observed in the ferritic state. 


® Research Engineer, National Malleable & Steel Castings Co., Cleveland 
7 Research Metallurgist, Crane Co., Chicago 
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In other words, temperatures in which we are interested in co1 
nection with graphitization of cast iron are much higher tha 
those at which graphitization of steels takes place. Moreove 
graphitization of steels has definitely been traced to aluminun 
Aluminum-killed steels are much more susceptible to graphitiz 
tion than silicon-killed steels. It is known that in cast iro: 
graphitizing power of silicon is about ten times stronger tha 
that of aluminum. But in steels it seems to be the other wa 
around. 

S. B. AsHkinazy:* I would like to verify a point that coms 
to my mind. You speak of the overcrowding of the lattice. |; 
it not true that the carbon dissolves interstitially and that silico: 
is substitutional? Does that mean that the atomic diameter oi 
the silicon is larger than that of iron to make the lattice ove 
crowded so that it pushes out the carbon? 

Dr. SCHNEIDEWIND: I would like to reply to Dr. Ziegler. A 
] per cent C tool steel heated above the critical can graphitiz: 

In the paper it was developed that carbon is interstitial and 
silicon is substitutional but suppose by chance the silicon wer 
in a face position instead of a corner position. It seems to m 
the effective concentration of the silicon would be exceptional] 
high and the solubility of carbon in that location would bx 
drastically lowered. There are local abnormal conditions. 

Mr. AsHKINAzy: Offhand, do you know which one has a 
larger atomic diameter, silicon or iron? 

Mr. ReEnpeR:. Silicon does. 

CHAIRMAN MCMILLAN: It has been our experience that we 
develop graphite when subjecting SAE 9260 steel to a carburizing 
treatment. In running the standard McQuaid-Ehn test, 7 hr at 
1700 F, we developed a certain amount of graphite, while with 
the lower silicon steels the normal cementite network was de 
veloped. The 9260 steel would be fully pearlitic as rolled and 
about 0.50 carbon and 1.80 to 2.00 silicon. 

With regard to the preheat treatment, that is, low tempera 
ture heating prior to the graphitizing cycle, we established a 
figure of about 7 hr at 700 F. We found that with such treatment 
the 14i4-hr cycle became 1614 hr. However, on the 40-hr cycle, 
by preheating at 700 F for 7 hr, the total cycle was only 35 In 
and the actual time in the furnace was 30 hr. 

We have not incorporated the preheat treatment in equip- 
ment used for annealing for the reason that metal which has 
been over oxidized as evidenced by excessive loss of elements 
does not respond to the preheat treatment. 

With regard to the rate of heating, our current practice on 
periodic furnaces is 100 deg per hr to 1500 F and 50 deg per hr 
from 1500 F to 1700 F. Generally speaking, this is about all 
you can do. You are limited by the Btu input and the load in 
the furnace. Normally and naturally, such a curve will include 
an elbow at 1500 F. 


8 Material & Process Sup., Sperry Gyroscope Cv., Great Neck, N. J 





GRAIN REFINING OF ALUMINUM ALLOYS 
AND ITS EFFECT ON PHYSICAL PROPERTIES 


By 


Walter Bonsack and O. Tichy * 


ABSTRACT 


The author discusses two methods for grain refining aluminum 
alloys, namely, by increasing rate of solidification and by em- 
ploying grain refiners. Four types of aluminum alloys were used 
for these studies. Titanium was used as a grain refining addition. 


Introduction 


GRAIN SIZE OF AN ALUMINUM ALLOY determines 
greatly mechanical properties of the alloy. It is often 
stated that the smaller the macrograin the higher the 
properties. However, it is also often found that rela- 
tively coarse-grained alloys have superior properties to 
some fine-grained alloys of nearly identical composi- 
tion. These “exceptions” to the rule, these discrepan- 
cies, must have an explanation. 

The macrograin of aluminum alloys can be de- 
creased in size in three well known ways: 
By increasing speed of solidification. 
By working. 
By grain refiners. 


l. 
9 
y 
i] 
. 


Since most aluminum casting alloys do not lend them- 
selves to working by forging and rolling and the like, 
this grain size reduction process should not be con- 


* Apex Smelting Company, Cleveland, Ohio. 


sidered in this study. It should, therefore, only be con- 
fined to methods one and three. 

It is known that dry sand castings exhibit relatively 
large grain, green sand castings less coarse grain, perma- 
nent mold—fine grain, and die castings still finer 
grain. In permanent mold castings the grain size can 
be varied by the operating temperature of the mold, 
the metal temperature being constant. The hotter the 
mold the coarser the grain, and the colder the mold the 
finer the grain. 

By adding a grain refining element such as titanium 
to aluminum alloys, very fine grain can be produced 
without altering the speed of solidification, i.e., with- 
out resorting to chilling. It can safely be stated that 
by proper grain refining often extremely fine grain can 
be produced. However, alloys in which the grain: re- 
finement is achieved by artificial means, as by the addi- 
tion of grain refiners, frequently do not show added 
advantages in mechanical properties. In fact, many 
times a decrease of properties occurs. It seems that 
there is a definite differentiation between fine grain 
caused by chilling and fine grain caused by artificial 
means, such as grain refining. 

In the following studies, systematic, experimental 
research into this problem was performed to prove or 
disprove the existence of such a differentiation. 

The literature also shows indications that grain re- 


TABLE I—ANALYSIS OF ALLOYS STUDIED 





Nominal, per cent 


Actual Composition, Per cent 





Alloy Heat 


No. No. Cu 


Fe Mg 


Cu 





4.5 
la 4.5 
lb 4.5 


2 3.5 
2a 3.5 
2b 3.5 


3 1. 
3a a 
3b i 


4 
4a 
4b 


53 1 


0.01 
0.01 
0.01 


0.01 
0.01 
0.01 


0.48 
0.43 
0.44 


0.23 
0.21 
0.21 


0.59 
0.62 
0.63 


0.28 
0.28 
0.28 
0.20 2.10 
0.20 2.05 
0.20 2.10 


4.64 
4.72 


3.62 








GRAIN REFINING OF ALUMINUM ALLOY 








A 





oO AS CAST 
X—— T 4 TYPE TREATMENT 
A--e-- - T 6 TYPE TREATMENT 











TENSILE STRENGTH PSI 


a 
a, 
rw 
2 
Qu 
ui © 
Ex 
n°? 

~ 
ao 
i 
ww 
> 


°/o 


ELONGATION 








x 


es x 


ee en 


a, 
Os 
— 
nnn grosers"— 








860 750 





SANDCAST CHILLCAST-MOLD TEMPERATURES CHILLCAST 750°F MOLD TEMPERATURE 


Fig. 1—Mechanical property changes of No. 53 alloy; A, by chilling and B, by 


600°F 0.0 0.1 0.2 TITANIUM 


titanium additions. 








finement by artificial means does not always increase 
the mechanical properties. Messrs. Sicha and Boehm? 
in their study on a 4 per cent copper alloy showed a 
definite trend of decreased tensile properties with the 
increasing addition of titanium in spite of decrease in 


° 


grain size. Walter Bonsack? reported on a 7.5 per cent 
silicon 0.25 per cent magnesium alloy that the addition 
of 0.18 per cent titanium slightly decreased properties. 
However, he stated later in the discussion that, in 
general, higher properties should be expected. 
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W. BonsACK AND O. TIcHY 


Alloys Studied and Their Preparation 


Four types of alloys were chosen for the studies. In 
this choice, it had to be considered that they could be 
sand cast as well as chill cast without experiencing hot 
cracking difficulties. The first alloy was a relatively 
high copper-silicon alloy (No. 53). The second alloy 
had lower copper but higher silicon (No. 60). The 
third alloy had still lower copper but contained mag- 
nesium (No. 41), and the last was an alloy of alumi- 
num-zinc-magnesium (No. 457). The compositions are 
shown in Table 1. 

These alloys were prepared in large enough heats to 
take care of all modes of casting during the test. The 
titanium additions were made with hardeners pre- 
pared from the same base alloy so that no appreciable 
change of composition occurred during their addition. 

To prevent changes of grain size due to contamina- 
tions derived from solid fluxes (salts), only chlorine 
was used as a cleaning agent during the preparation 
and before pouring of the alloys. The metal was chlo- 
rinated until the grain was effectively coarsened. After 
coarse grain was established in this manner, magne- 
sium was added and the grain size checked again for 
sufficient coarseness. 


Procedures For Modifying Grain Size 


To alter the grain size the following procedures were 
adopted: 

1. Cast in green sand molds. 

2. Cast in permanent mold operated at 860 F. 

3. Cast in permanent mold operated at 750 F. 

4. Cast in permanent mold operated at 600 F. 

(In these four tests no titanium was added to alloys.) 

5. Alloys containing 0.1 per cent titanium poured 
in permanent mold at 750 F. 

6. Alloys containing 0.2 per cent titanium poured in 
permanent mold at 750 F. 

These procedures produced finer grain. 

a. By chilling (Tests 1, 2, 3, and 4). 
b. By titanium addition (Tests 5 and 6). 

In practice, sufficient sand molds were made for each 
test, and the permanent mold was heated to operating 
temperature. The metal was controlled at 1300 F pour- 
ing temperature. Permanent mold and sand castings 
were cast at the same time by two operators. Castings 
for tests 1, 2, 3, and 4 were cast in this manner. Then 
0.1 per cent titanium was added to the metal by adding 
the hardener. Test bars for test 5 were cast and again 
titanium added and castings for test 6 were poured. 


Heat Treatment and Testing 


The test bars obtained in this manner were equally 
divided into three lots of each alloy. 

Lot 1—This lot was tested after aging three days at 
room temperature. 

Lot 2 and 3—Test bars of pours | to 6 were heat 
treated to the T-4 condition (solution) in the same 
furnace at the same time. Solution temperature de- 
pended on the alloy—the time was the same for all 
alloys. Lot 2 was then tested after three days at room 
temperature. 

Lot 3—After T-4 treatment, test bars of pours | to 6 
were aged (T-6 condition) at the same time in the same 
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furnace. Aging temperature was 300 F, aging time, 3 
hr. Testing was done on the same day. 

With these precautions in preparing the metal, 
casting, and heat treating the test bars, it was hoped to 
avoid undesirable variations and assure comparable re- 
sults throughout each test. 


Test Results 


The first alloy tested was a 4 per cent copper, 2.5 
per cent silicon alloy. The results are shown in Fig. 1. 
It is shown that by increasing the chill of the mold 
from a sand casting to a permanent mold casting of 
decreasing mold temperature the tensile strength and 
elongation are materially increased. The yield strength, 
however, is little affected, in fact it shows a tendency to 
decline. This increase in properties due to chilling 
also persists in the heat treated state and is even en- 
hanced by heat treatment. These facts are not new by 
any means. However, when titanium was added to the 
alloy cast in a chill mold of 750 F temperature, the 
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tensile strength and elongation showed a tendency to 
decline slightly at 0.1 per cent titanium and then 
slightly increase again. The yield strength in the as- 
cast state stayed at the same level but increased 
slightly, particularly in the T-6 condition. It behaved 
like so much added hardening element. 

The changes caused by these experiments were pri- 
marily changes in grain size. By increasing the chill 
from a sand casting to a permanent mold casting, the 
grain size was decreased materially by the increase in 
chilling. A further decrease was caused by titanium 
addition, but this added decrease did not increase the 
properties, in fact it slightly decreased them. 


TaBLE 2—GRAIN SIZE 





Average Diameter Grain Size 





In. Reducton, % 
Sand Cast 0.041 
Chill Cast 860 F 0.025 39 
Chill Cast 750 F 0.015 63 
Chill Cast 600 F 0.013 68 
Chill Cast 750 F + 0.1% Ti 0.006 85 
Chill Cast 750 F + 0.2% Ti 0.006 85 





In operating the mold at 750 F it was found that by 
addition of 0.1 per cent titanium, finer grain was ob- 
tained than by operating the mold at 600 F without 
titanium addition. A further addition of 0.1 per cent 
titanium, making a total of 0.2 per cent, did not de- 
crease the grain size to any greater degree. 

Grain size counts were made on this alloy* by the 
American Society for ‘Testing Materials method and in 
Fig. 2 the properties are plotted against the grain size. 
It is indicated that in spite of the finger grain caused by 
the titanium addition, no advantage in mechanical 
properties was gained over the naturally reduced 
grain. In fact, a decided decline is indicated. 

The next alloy tested was a 3.5 per cent copper, 6 
per cent silicon alloy. The results are shown in Fig. 3. 
By chilling at various mold temperatures the tensile 
strength and elongation increased in the same fashion 
but to a somewhat lesser degree. Addition of 0.1 per 
cent and 0.2 per cent titanium did not increase the 
properties further although not as great a decline of 
the elongation was observed. The grain size again de- 
creased in the same manner as shown in the first alloy. 
However, it must be stated that this alloy is somewhat 
less sensitive to the chilling effect and to titanium ad- 
ditions than the higher copper lower silicon alloy dis- 
cussed before. 

The third alloy tested had practically the same sili- 
con content (5 per cent) but a still lower copper con- 
tent (1.2 per cent). The lack of copper was thought 
to be compensated by the 0.5 per cent magnesium con- 
tained in the alloy. The results of the tests on this alloy 
are given in Fig. 4. The greatest increase in tensile 
strength and elongation was found by changing from 
sand casting to chill casting at 860 F to 750 F (respec- 
tively) mold temperature. Lower mold temperature 
did not improve these properties further. Neither did 
the addition of 0.1 and 0.2 per cent titanium move 


*In the next three alloy tests only visual comparison of the 
macrograin was made. The tendencies are the same in all 
alloys. 
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the properties in any direction. This alloy appears t 
be influenced least by chilling or artificial grain re 
fining although the grain became finer with increase! 
chill and still finer with the titanium addition. 

The fourth and last alloy tested was an alloy wit) 
very low silicon, no copper, but containing zinc anc 
magnesium as hardening elements. Figure 5 gives the 
results of these tests. The tensile strength is increase:| 
rapidly by changing from sand casting to chill casting 
at 860 F mold temperature. Increased chilling by low 
er mold temperature does not increase the tensil 
strength further. In fact, in the aging treatment em- 
ployed, a decided decrease is noted. However, the 
elongation increased considerably with the increased 
chill. The yield strength showed little change except 
in the solution heat treated and aged condition. Add- 
ing titanium to this alloy decreased tensile strength 
and elongation but elongation was affected most. In 
the as-cast condition elongation was reduced from 19 
to 12 per cent by addition of 0.2 per cent titanium. 
Declines in the heat treated condition were similar 
except in the T-6 type condition. It appears that in this 
alloy, overaging occurs at the temperature employed 
as the grain becomes very fine. The grain size again 
was reduced in the same manner as in the first alloy. 

In all four tests the finest grain was produced by 
the titanium addition. In all four tests the highest 
properties (tensile strength and elongation) were not 
found in the castings having the finest grain, but in 
chilled castings. It was found that the alloys contain- 
ing high copper, or zinc and magnesium, but low sili- 
con are more advantageously affected by chilling and 
conversely decreased in properties by titanium addi- 
tions. The alloys containing high silicon and low 
copper are less sensitive to chilling effect and to titan- 
ium additions in spite of decreases in grain size. 

To obtain further information on the mechanism 
of grain refining and on the differences effected by 
grain refinement, by chilling and by titanium addi- 
tion, microscopic studies were undertaken. This study 
was conducted on the 4 per cent copper, 2 per cent 
silicon alloy. 


Microscopic Examination of Alloy No. 53 


This alloy, sand-cast and examined at 50X, shows 
typical structure of more or less equiaxed grain with 
massive constituents in the grain boundaries. Chill 
casting at 860 F shows a tendency toward dendritic 
structure while at 750 F and 600 F this becomes 
progressively more pronounced. The copper constitu- 
ent also is progressively finer dispersed in the branches 
of the dendrites. 5 

By adding titanium the structure reverts to the equi- 
axed grain and the copper constituent appears to 
coarsen slightly. ‘These changes in eopper distribution 
are shown in photomicrographs, Fig. 6 to 11, at 500X. 
These photomicrographs represent the alloy in the as- 
cast condition. 

It should be remembered that these castings were 
heat treated only 6 hr at their respective solution tem- 
peratures. This was purposely done to provide means 
of differentiation by the amount of soluble residual 
constituents not taken in solid solution. 
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Fig. 3—Mechanical property changes of No. 60 alloy; A, by chilling and B, by titanium additions. 








The T-4 type treatment revealed that the solubility 
has increased with the chill applied in casting but that 
titanium additions did not increase the solubility be- 
cause the copper constituent was bulkier in these cast- 
ings than in the highly chilled ones without titanium. 
Photomicrographs, Fig. 12, 13, and 14, indicate this 


condition. Figure 12 represents the sand casting. Fig- 
ures 13 and 14 represent the chill casting without and 
with titanium. There is one more difference between 
the titanium-free and the titanium-bearing casting 
structures which are shown in photomicrographs, Fig. 
13 and 14. Both are cast at mold temperature of 750 F. 
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Fig. 4#—Mechanical property changes of No. 41 alloy; A, by chilling and B, by titanium additions. 














Both were heat treated at the same time yet the titan- castings at a mold temperature of 750 F, without a ti- 
ium-“free’’ alloy shows a clear matrix while titanium- tanium addition and with a 0.2 per cent titanium addi- 
bearing alloy has a distinct spotty precipitate in the tion in the T-6 type or aged treatment. The first con- 


matrix. dition shows in certain oriented grains an even dis- 
Photomicrographs, Fig. 15 and 16, show the chill tribution of very fine precipitation while the latter 
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Fig. 5—Mechanical property changes of No. 457 alloy; A, by chilling and B, by titanium additions. 





contains a much coarser precipitate which is not as 
evenly distributed. It has the appearance of coagula- 






alloys.? 


tion of precipitate or overaging. This same observa- 
tion was made and reported on copper-free silicon 





Summary and Conclusion 


Our studies showed that: 
1. The tensile strength and elongation are increased 
by the reduction in grain size to an apparently opti- 
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Fig. 6—Alloy No. 53 sand cast; metal temperature, 1300 


F; as-cast. 25% HNO; etch. Mag. 500x. 
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Fig. 7—Alloy No. 53 chill cast; mold temperature 860 
F; metal temperature 1300 F; as-cast. 25% HNO, etch. 
Mag. 500x. 
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Fig. 8—Alloy No. 53 chill cast; mold temperature 750 
F; metal temperature 1300 F; as-cast. 25% HNO, etch. 
Mag. 500x. 
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Fig. 11—Alloy No. 53 plus 0.2% 
temperature 750 F; metal temperature 1300 F; as-cast. 


GRAIN REFINING OF ALUMINUM ALLO) 5 


~ * a : work * 4 


Fig. 9—Alloy No. 53 chill cast; mold temperature 600 
F; metal temperature 1300 F; as-cast. 25% HNOs etch. 
Mag. 500x. 
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Fig. 10—Alloy No. 53 plus 0.1% Ti chill cast; mold 
temperature 750 F; metal temperature 1300 F; as-cast. 
25% HNO; etch. Mag. 500x. 
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00 Fig. 12—Alloy No. 53 sand cast; metal temperature 
h. 1300 F; solution heat treated. 25% HNO, etch. Mag. 
500x. 
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ld Fig. 13—Alloy No. 53 chill cast; mold temperature 750 
it. F; metal temperature 1300 F; solution heat treated. 
25% HNO, etch. Mag. 500x. 
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Fig. 15—Alloy No. 53 chill cast; mold temperature 750 
F; metal temperature 1300 F; solution heat treated and 
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Fig. 16—Alloy No. 53 plus 0.2% Ti chill cast; mold 

temperature 750 F; metal temperature 1300 F; solution 

heat treated and aged. HF:HCl:glycerol etch. Mag. 
500x. 


mum size. 

2. That further reduction does not increase these 
properties proportionally. 

3. That even still finer grain produced by the addi- 
tion of titanium either has no beneficial effect or can 
be deleterious. 

4. That the yield strength is the least affected of the 
properties tested. 

Microscopic studies revealed that chilling alone 
causes finer grain, dendritic crystal shapes, and high 
dispersion of alloying constituents. It also reveals that 
titanium addition caused equiaxed finer grains but 
does not cause proportional dispersion of alloying ele- 
ments and that the precipitate formed in the matrix 
has a very disordered appearance compared to the uni- 
formly distributed precipitate in titanium-“free” alloys. 

The indications are that the orderly formation of the 
crystal structure is severely interfered with by the 
titanium addition. 
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These studies confirmed previous observations that 
titanium addition will not cause improvements in 
mechanical properties as should be expected by the 
grain size reduction. However, grain refining by titan- 
ium is still desirable for the advantages gained in pro- 
duction of castings as to surface appearance, uniformity 
of grain size, machineability, etc. 
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DISCUSSION 


HirAM Brown (Written Discussion):' Messrs. Bonsack and 
Tichy are to be complimented on the fine work they have done 
in preparing this paper and the ideas on grain refinement which 
they have expressed. This reopens a subject which always 
brings forth a great deal of discussion and comment. 

The conclusions of Bonsack and Tichy, that titanium addi- 
tions which refine the grain can actually have deleterious results, 
and that there is an optimum grain size beyond which further 
reduction does not improve physical properties, has been con- 
firmed by several sources. 

Wells' has pointed out that the amount of titanium necessary 
to insure a consistent grain refinement for a 4.5 per cent alumi- 
num-copper alloy was 0.15 per cent. Excess of over 0.3 per cent 
of grain refining elements titanium and columbium caused loss 
of elongation. 

Northrup Aircraft Inc.2 showed that boron additions to 356 
alloy reduced grain size, but also decreased tensile, elongation, 
and impact resistance. 

I should like to submit, for information purposes only, some 
data which shows the comparative action of titanium and beryl- 
lium as grain refiners. The alloy used for all of these tests was 
an aluminum-zinc-magnesium type and all tests were made on 
standard sand-cast test specimens with pouring temperature 
maintained at 1375 F. 


CHEMICAL COMPOSITION 


Zn Mg Cr Fe Ti Cu Si Mn 
ge SS @37 Gs? Ye 2 Git © 


Same as A except Titanium 0.18 


PuysicAL Test RESULTS 
Hard- Grains 
Yield, Tensile, Elong. ness Per 
Heat ‘Treatment Psi Psi % Bhn* In. 
72 hr room temp. 16,200 30,500 13.5 57 20 
72 hr room temp. 15,900 30,100 10.0 55 110 


21 daysroomtemp. 21,050 34,400 7.75 
21 daysroomtemp. 21,100 35,650 6.75 


10 hr 356 F 25,000 32,550 6.5 67 
10 hr 356 F 24,750 32,700 6.0 59 
* 500 kg load, 10 mm ball 


Yield strength and tensile strength were affected very little by 
the titanium addition. Elongation in each case was decreased 
by the titanium, and hardness also decreased. Grain size was 
greatly decreased by the titanium addition. Subsequently, re- 
melting and pouring twice did not change the physical test 
properties nor the grain size. 

The addition of titanium did seem to render the metal less 
subject to hot cracking. 


* Chief Metallurgist, Solar Aircraft Co., Des Moines, Iowa. 
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Fig. 17—Effect of titanium on physical properties of Al-Zn-Mg 
alloy. 


Since titanium did not bring about any increase in physical 
properties with the smaller grain size, it was decided to try other 
grain refiners. Beryllium was reported to be a grain refiner 
when present, even in very small amounts, so heats were made 
with and without beryllium. It was difficult to recover the cal- 
culated amount of beryllium, so the final residual was not always 
that which was intended, but interesting results were obtained. 


CHEMICAL COMPOSITION 
Heat Zn Mg Cr Fe Ti Cu Si Mn Be 
C 5.27 0.55 045 0.28 0 0.01 0.10 0.01 O 
D_ Same as above except Be added 0.09 


E Same as C except Be added 0.29 


‘PuysicaL Test RESULTS 
Hard- Grains 
Yield, Tensile, Elong.,ness Per 
Heat Treatment Psi Psi % Bhn* 
C 72 hr room temp. 15,800 28,900 9.5 59.0 
72 hr room temp. 15,450 31,400 19.0 52.0 
72 hr room temp. 13,950 29,400 18.0 52.0 


23,300 34,700 8.0 75.5 
21,000 38,200 15.0 68.5 
18,900 34,800 15.0 62.0 


25,050 33,700 5.0 74.0 
10 hr 356 F 23,600 32,500 10.0 67.0 
10 hr 356 F 19,950 29,500 9.0 59.0 


2 hr 950 F Aircool 27,900 34,500 3.0 78.5 
10 hrs 356 F 
D 2hr950F Aircool 28,400 35,800 9.75 69.5 
10 hrs 356 F 
E 2hr950FAircool 22,750 30,800 9.0 61.0 
10 hrs 356 F 
* 500 kg load, 10 mm ball 


Thus, increasing beryllium decreased yield strength in every 
case except the solution heat treated specimens where yield in- 
creased with 0.09 beryllium and decreased rapidly with 0.29 
beryllium. Tensile strength in all cases but one increased with 
0.09 beryllium and then decreased with 0.29 beryllium. The 
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C 21 days room temp. 
D 21 days room temp. 
E 21 days room temp. 
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Fig. 18—Effect of beryllium on physical properties of Al-Zn-Mg 
alloy. 


single exception was the specimens artificially aged without solu- 
tion treatment where tensile decreased with beryllium additions. 
In every case elongation increased considerably with 0.09 beryl- 
lium and then showed only slight decrease with 0.29 beryllium. 
Hardness in every case decreased with addition of beryllium. 
The grain size decreased as beryllium increased, and the grain size 
of the metal with 0.29 beryllium was as fine as that of the same 
alloy containing 0.18 per cent titanium. The decrease in grain 
size from 0.09 beryllium to 0.29 beryllium did not indicate any 
advantage in physical properties, but rather, in general, a decrease. 

The results obtained with beryllium alone raised the question 
of what titanium and beryllium together would do. The follow- 
ing heats were used. 


CHEMICAL COMPOSITION 
He Zn Mg Cr Fe Ti Cu Si Mn Be 
5.33 0.54 0.50 0.31 0.18 0.10 0.25 .04 0O 
Same as F except beryllium added 0.07 
Same as F except beryllium added 0.11 


PHYSICAL TEST RESULTS 
Hard- Grains 
Yield, Tensile, Elong., ness Per 
Heat Treatment Psi Psi % Bhn* In. 
F 48 hr room temp. 17,950 32,400 10.75 61 100 
48 hr room temp. 16,800 31,550 12.25 58 100+ 
48 hr room temp. 16,350 31,600 14.25 55 100+ 


21 daysroomtemp. 23,000 35,900 7.5 71.5 
21 daysroomtemp. 21,950 37,150 10.5 71.5 
21 daysroomtemp. 21,450 37,600 13.5 69.5 


G 
H 

F 

G 

H 

F 10hr 356F 27,000 35,700 5.75 73 
G 10hr356F 25,300 35,100 7.0 69 
H 10hr356F 25,400 35,300 8.0 69 
F 

G 

H 


2 hr 950 F Aircool 28,700 36,300 4.5 71.5 
10 hr 356 F 

2 hr 950 F Aircool 28,600 36,850 65 71 
10 hr 356 F 

2 hr950F Aircool 28,000 37,200 9.5 68 
10 hr 356 F 


* 500 kg load, 10 mm ball 
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Fig. 19—Effect of titanium and beryllium on physical properties 
of Al-Zn-Mg alloy. 


In all cases except the solution treated and aged specimens, 
the yield strength decreased with 0.07 per cent beryllium and 
remained about the same with 0.11 per cent beryllium. The 
solution treated samples showed no change in yield strength 
with beryllium addition. Tensile strengths, in general, showed 
very little change with titanium addition. Elongation in every 
case increased with 0.07 per cent beryllium addition and still 
more with 0.11 per cent beryllium. Hardness in every case de- 
creased with beryllium addition. The grain size with titanium 
alone was fine, about 100 grains per inch. With 0.07 per cent 
beryllium the grain size decreased still further, and still further 
with 0.11 per cent beryllium. When beryllium was added the 
grain was so fine that accurate count was difficult, but heat G 
was finer than F, and H was finer than G. 


Summary 


1. Titanium effectively reduced grain size but did not increase 
physical properties; in fact, some decreased. 

2. Beryllium showed marked grain refining ability both with 
or without the presence of titanium. 

3. Without titanium 0.09 per cent beryllium improved tensile 
strength, but 0.29 per cent beryllium caused a decrease. 

4. With titanium present, beryllium did not show any ten- 
dency to raise or lower tensile strength. 

5. Beryllium with or without titanium tended to reduce yield 
strength. 

6. Beryllium with or without titanium increased elongation 
with 0.07, 0.09, and 0.11 per cent beryllium, but elongation 
showed a slight decrease when 0.29 per cent beryllium was added. 
Beryllium without titanium gave higher elongation than when 
titanium was present also. 

7. Yield strength suffered more than any other physical prop- 
erty tested with beryllium, but the simultaneous presence of 
titanium acted to reduce this adverse effect of beryllium. 

8. Hardness decreased with grain refinement regardless of 
whether titanium or beryllium was used. 

9. About 0.1 per cent beryllium gave good grain refinement 
with small sacrifice of physical properties. 

10. Titanium and beryllium together gave best overall results. 
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Discussion 


Titanium and beryllium do give different results from grain 
refinement. In general beryllium seems to offer advantages over 
titanium, although use of both together may offer improvements 
over use of either alone. Beryllium has higher solid solubility in 
aluminum than does titanium, and possibly this explains the 
difference in results. The optimum of 0.1 per cent beryllium 
expressed above is about the limit of solid solubility in aluminum. 
When more beryllium is present it does not seem to decrease 
properties as rapidly as does titanium, probably due to the 
tendency of titanium to form brittle TiAl. 





GRAIN REFINING OF ALUMINUM ALLO\ 


I wonder whether too much accent is being placed on fi 
grain size. Is the improvement in surface appearance worth t! 
effects of grain refining on physical properties? Is machinabili 
improved by grain refinement even though hardness decrease 


Are our present methods of grain refinement satisfactory? Move 


investigations certainly will be welcomed. 
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CASTING SURFACE FINISH 


By 


H. H. Fairfield and J. MacConachie * 


ABSTRACT 


This paper describes an investigation of basic factors affecting 
smoothness of castings. Surface finish is measured by weighing a 
test casting, buffing it to a smooth finish and reweighing the 
casting. The loss in weight is used as an index of casting finish. 
Experiments are limited to the casting of 85-5-5-5 bronze into 
No. 1 Albany natural molding sand. The effect of mold hardness, 
moisture content, metal temperature and method of filling the 
flask are demonstrated. 

THE FIRST PROBLEM ENCOUNTERED in conducting 
an investigation of casting finish is to find a method of 
measuring casting smoothness. It is also necessary to 
have a standard procedure for making test castings. 
Once a satisfactory experimental procedure has been 
developed, there is a broad field of investigation to 
explore. This paper is a preliminary report of progress 
made in developing an experimental procedure for 
evaluating casting surface finish and gives results of 
some tests carried out in the authors’ plant. 

This project was undertaken because of complaints 
received from the casting finishing room of the authors’ 
company. In finishing marine propellors (Fig. 1) a 
great amount of buffing must be done to get a smooth 
finish. The rougher the casting when shaken out from 
the sand mold, the more work must be done on it in the 
grinding room. This fact suggested the technique for 
measuring casting finish. It was decided to make test 
castings 114 in. by 114 in. by %& in. thick, weigh them, 
buff to a smooth finish and weigh again. The loss in 
weight would be an indication of casting smoothness. 
Only the 114-in. by 114-in. surfaces were buffed. The 
test surfaces were made vertically in the mold. 

To eliminate any variations in molding, a flask filler 
was made, and also a hand-operated jolt machine. 
This made it possible to reproduce molding condi- 
tions or to change them in a definite manner. 

The test castings were made in the drag half of the 
mold, and a 4-in. high cope was used to approximate 
conditions encountered in production of small castings. 


Equipment Used in Tests 


Figure 2 shows the construction of the molding 
machine in which the pattern is mounted on a plate. 








* Chief Metallurgist and Sand Supervisor, respectively, William 
Kennedy & Sons, Owen Sound, Ontario, Canada. 
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The frame of the machine, made of angle iron, is so 
constructed that the pattern plate can be raised and 
dropped against a solid supporting block. This is a 
hand-operated jolt machine. 

The flask filler (Fig. 3) consists of a conical hopper 
containing a 4,-in. mesh molder’s riddle. The hop- 
per is placed over the flask and filled by rubbing the 
sand through the riddle. This assures that all flasks 
are filled in the same manner. 

The test pattern is so arranged that the casting is 
all in the drag half of the mold. Bottom gating is ef- 
fected by means of a core. Figure 4 shows a test casting 
before gate, runner and head have been removed. 

Circular flasks were made from 314-in. I. D. pipe. 
The drag and cope were.each 4 in. in depth. In ram- 
ming the drag a 3-in. flask extension was used to hold 
the extra sand. Figure 5 shows the flasks, the core box 
for the gate core and the pattern for ramming the cope. 


TABLE 1—PROPERTIES OF MOLDING SAND 
Usep IN ALL TEsTs 
(As reported by Bureau of Mines, Ottawa, Canada.) 








Property Value 
Moisture Content, per cent 7.2 
Green Compressive Strength, psi 6.0 
Green Deformation, in./in. 0.034 
Green Permeability 15.5 
Flowability, per cent 79 
Dry Strength, psi 121.5 
Hot Strength at 500 F, psi 35 
Hot Strength at 1100 F, psi $1 


SCREEN ANALYSIS 
Clay Content, per cent—13.2 
U. S. Equivalent Numbers Retained, Per cent 


16 0.2 
20 0.2 
30 0.4 
40 1.1 
50 3.0 
70 8.3 
100 13.9 
140 14.4 
200 15.1 
270 8.5 
Pan 21.7 
Total 86.8 














CASTING SURFACE FINISH 








2—Hand-operated jolt molding machine. Drag 
pattern is mounted on plate at right. 


Fig. 1—Marine propellor buffed on all surfaces. 





Fig. 5—Left to right; cope flask, drag flask extension, 
Fig. 3—Flask filler in position over ‘molding machine. drag flask, core box for gate core, and pattern for cope. 
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Materials Used in Tests 


Only one type of sand was used in these tests. This 
was No. | Albany sand taken from a molder’s heap in 
the bronze foundry. Its properties are described in 
Table I. 

The metal used in this investigation was 85-5-5-5 
bronze commonly called “ounce metal.” An immer- 
sion pyrometer was used to measure metal temperature. 


Procedure Followed in Tests 


The general procedure for making test castings was 
as follows: 

1. Clean off pattern, and shake on parting material. 

2. Put drag flask in position, place drag extension 
on top of drag flask. 

3. Place flask filler in position. Rub sand through 
riddle until the flask is full. 

4. Strike off flask level. 

5. Raise jolt table of molding machine 15% in. and 
drop. Repeat jolting operation the required number 
of times. 


6. Remove flask extension, strike off sand level with 


top of drag flask. Put bottom board in position. Lift 
off pattern plate. Roll over. 

7- Place gate core in position in drag half of mold. 

8. Copes are rammed using core sand and prepared 
in quantity ahead of time. 

9. Place cope on top of drag. 

10. Bronze is melted in crucibles in the conventional 


6.0 
5.8 


5.6 
5.4 
5.2 
5.0 
4.8 
4.6 
4.4 
4.2 
4.0 
3.8 
3.6 
3.4 
3.2 
3.0 


BUFFING LOSS 
WEIGHT OF METAL REMOVED, GRAMS 


2.8 
2.6 
2.4 
2°2 
2,0 
1.8 
1.6 
1.4 
1.2 
1.0 


1900 2000 2100 2200 


POURING TEMPERATURE, F 


Fig. 6—Effect of pouring temperature on casting sur- 
face finish. 
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manner; castings are poured at the required tempera- 
ture. 

11. Cut off gate and head of test casting. 

12. Clean casting with wire brush. 

13. Weigh casting on laboratory analytical balance. 

14. Sand down the two 1l4-in. by 114-in. surfaces 
with air operated sander using 8-in. diam flexible disc 
covered with 120-mesh abrasive. Stop sanding when 5 
to 10 pits are visible on ground surface. 

15. Weigh casting again. Report loss in weight in 
grams. 


Effect of Pouring Temperature 


Using the molding sand described in Table 1, the 
authors made seven molds. Each mold was jolted 25 
times. The mold hardness obtained was about 65. 
These molds were poured at temperatures ranging 
from 2150 F to 1925 F. The resulting finish obtained 
on the casting is shown in Table 2 and in Fig. 6. It is 
evident that surface finish is dependent to a certain 
extent upon pouring temperature. As pouring tem- 
perature is increased, the surface of the castings be- 
comes rougher. 


Effect of Moisture in Molding Sand 


Using the molding sand described in Table 1, the 
authors prepared batches with different moisture con- 
tents ranging from 6 to 12 per cent. Molds were jolted 
25 times and poured at a temperature of 2050 F. Re- 
sulting casting finish is shown in Table 3 and in Fig. 7. 
It is apparent that increasing moisture content results 
in a rougher surface on castings. 


Effect of Mold Hardness 


Using the sand described in Table 1 the authors 
made up molds to different mold hardnesses by jolting 
one mold four times, the next eight times, etc. The 
pouring temperature was 2050 F. The effect upon 
casting smoothness is shown in Table 4. As mold hard- 
ness was increased, the test castings became smoother. 


Method of Filling Flask 


Up to this point all molds had been filled by sand 
rubbed through a ,-in. mesh molder’s riddle. In 
order to see what effect riddling has upon casting fin- 
ish, a set of eight molds was made without the flask 
filler. Sand (Table 1) was taken from the molder’s 
floor. Molds were prepared usiag 4, 8, 12, 16, 20, 24, 
28, and 32 jolts. Metal was poured at 2050 F. The re- 
sults are shown in Table 5 and in Fig. 8. It is apparent 
that surface finish is greatly improved by using a riddle. 


TABLE 2.—EFFECT OF POURING TEMPERATURE 
ON CASTING SURFACE FINISH 
(All molds given 25 jolts. Average mold hardness, 65.) 


Weight of Metal Removed 
in Buffing, Grams 





Pouring Temperature, 





2150 5.5 
2100 4.4 
2050 4.4 
2000 3.4 
1975 1.8 
1950 , 2.0 
1925 2.0 
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Fig. 7—Effect of moisture content of molding sand on 
casting surface finish. 


TABLE 3.—EFFECT OF MOISTURE CONTENT 
ON CASTING SURFACE FINISH 
(All molds given 25 jolts. Metal poured at 2050 F.) 


Weight of Metal Removed 





Moisture Content, 





Per Cent in Buffing, Grams 
6.4 3.92 
7.2 4.60 
8.0 4.0 
9.4 6.05 
10.2 | 7.50 
11.4 8.04 
11.8 8.46 





TABLE 4.—EFFECT OF MOLD HARDNESS 
ON CASTING SURFACE FINISH 
(Pouring temperature 2050 F.) 


Mold Hardness Weight of Metal Lost 
in Buffing, Grams 





Number of Jolts 





4 34 3.4 

8 43 $2 
12 50 2.8 
16 53 2.55 





TABLE 5.—DATA SHOWING RIDDLING IMPROVES 
CASTING SURFACE FINISH 
(Pouring temperature 2050 F.) 











Number Molds made withriddle Molds made without riddle 
of Jolts Mold Hard- Buffing Mold Hard- Buffing 
ness Loss, Grams ness Loss, Grams 
4 34 3.4 40 16.0 
8 43 3.2 43 8.0 
12 50 2.8 48 5.4 
16 53 2.55 49 6.4 
20 51 4.56 
24 54 2.8 
28 58 4.3 
32 63 2.5 





Also, it would appear that if a riddle is not used, twice 
as much mechanical effort must be used in ramming 
to obtain the same finish. Table 6 shows how sand 
properties change with increased ramming. 







BUFFING LOSS 
WEIGHT OF METAL REMOVED, GRAMS 


CASTING SURFACE FINISH 


Discussion 


This preliminary investigation throws some light on 
the basic conditions of casting which must be con- 
sidered no matter what sand or metal is used. Furthei 
work is planned on other important factors such as 
grain size of sand, strength and plasticity of sand mix- 
tures, gas pressure conditions at the mold face, the ef- 
fect of special ingredients, sand mixing methods, and 
methods of filling flask and compacting sand. 

Higher pouring temperatures result in rougher cast- 
ing surfaces because the metal is more fluid, and has a 
greater tendency to penetrate the mold surface. This 
experiment emphasizes the need for accurate control 
of pouring temperature. 

It was a surprise to the authors to find that the finest 
casting surface finish was obtained with the driest sand. 
Previously this sand had been used at a moisture con- 
tent of 8 per cent. The experiments indicated that a 
better surface finish was obtained at 6 per cent. It was 
noted that the drier sand had a higher density. This 
was readily apparent in filling the flasks. Less sand 
.was required to fill the flasks when the sand was made 


TABLE 6.—EFFECT OF RAMMING ON SAND PROPERTIES 
(All specimens compressed to 2-in. height) 


Weight of Mold 





Permeability, Green Com- Density, 





specimen, Hardness per cent pressive Ib/cu ft 
grams Strength, psi 
135 30 140 0.4 82 
140 35 90 0.6 85 
145 40 85 1.1 88 
150 53 80 1.2 91 
160 64 44 1.3 97 
165 70 35 2.8 100 


Note: Specimens were prepared with an A.F.S. specimen tube 
and rammer. Sand was compacted to 2-in. height by lowering 
rammer head. Hardest specimen produced with one drop of 
rammer head. 
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Fig. 8—Effect of mold hardness and riddling on casting 


surface finish. 
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TaBLe 7.—EFFECT OF MOISTURE ON SAND PROPERTIES 
(Standard A.F.S. test procedure) 








Moisture, Mold Permeability, Green Com- Density, 
per cent Hardness per cent pressive Ib/cu ft 
Strength, 
psi 
5.0 85 12 5.4 104 
6.0 83 12 4.0 106 
6.8 82 13 5.9 107 
7.6 81 16 6.6 110.5 
8.5 82 13 6.6 112 
9.4 78 11 4.6 113 
9.8 78 1] 4.9 113.6 





TABLE 8.—CALIBRATION DATA OF 
Mop Harpness TESTER 





Load on Indenter, Dial Reading 





Grams 

50 6 

75 28 
100 47 
125 62 
150 75 
175 89 
200 95 





up to higher moisture. Table 7 shows how the prop- 
erties of the test sand change with increasing moisture 
content. If sand density is important in controlling 
casting finish, it would be advisable to reconsider sand 
control with a view to obtaining maximum density. 

lt was apparent from these experiments that mold 
hardness or density alone is not a guide to probable 
casting surface finish. More attention must be directed 
to the uniformity of mixing and the method of filling 
the flask. If the sand is riddled into the flask, a soft 
mold will give a smooth casting. If lumpy sand is 
dumped into the flask the mold must be rammed to a 
high hardness in order to obtain a smooth surface 
finish. There is a need for a mechanical device to rid- 
dle sand into the mold. 


Conclusions 


1. As metal temperature increases, castings poured 
therefrom have a rougher surface finish. 

2. Moisture content of molding sand has a consider- 
able effect on casting surface finish. High moisture 
content will cause surface roughness. 

3. The method of putting sand in the flask has a 
marked effect on casting surface finish. If sand is 
riddled into the flask, little ramming effort is re- 
quired to get a smooth surface finish on the casting. 
If lumpy sand is dumped into the flask a great amount 
of work is required to get the mold hard enough to 
obtain a smooth surface finish on the casting. 

4. These conclusions refer to vertical surfaces on 
castings made in molds prepared on a jolt molding 
machine. 

The authors wish to acknowledge the cooperation 
received from the staff of William Kennedy & Sons. 
The equipment developed for this project was built by 
E. Gerrie, foreman of the machine shop; the metal 
was prepared and poured by E. H. Bishop, bronze 
melting foreman. The encouragement and suggestions 
received from the staff of William Kennedy & Sons. 
dent, are also appreciated. 





DISCUSSION 


Chairman: E. W. HorLesein, Gibson & Kirk Co., Baltimore 

M. G. Diett:* How do you correlate the weight of a casting 
with the test piece? Suppose we take your laboratory experi- 
mental work and put it into practical use in the foundry. You 
discussed test work on a brass cube, 114 in. on the side, where 
you buffed off the vertical sides. Your original casting weighed 
10 tons. What would be the correlation between the two? 

Is there a difference in casting finish from the bottom to the 
top of the vertical surface, or is it all of the same roughness? 

Mr. FairFietp: In reply to the first question, we found that 
as we make a casting larger, we pour it colder so that the same 
effect prevails. Where we might pour a small casting, let us say, 
at 2200 F, we would pour a large casting at about 1900 or 1950 F 
so that although the bulk of the casting is larger, the pouring 
temperature is lower. As a matter of fact, when we did pre- 
liminary trials for a 10-ton casting we cast 800-lb test pieces. 
These pieces were 12 in. in diam and about 18 in. high. Our 
laboratory investigations are designed to get the basic relation- 
ships. We have to know what they are first before we can 
proceed to apply them. 

As to the second question, the test piece casting was somewhat 
rougher on the high side. We were jolting only. 

MemMseR: Did you consider the shape of the grains of mold- 
ing sand? Albany sand contains many sharp particles. French 
molding sand is uniformly round and uniform in size. 

Have you tried mold coating such a mixture of bakelite and 
alcohol which is used to get good surface finishes on steel cast- 
ings? 

Mr. FAirFIELD: Our main concern was first to develop a test 
procedure that was satisfactory, so in this project we used only 
one molding sand. It is our purpose to try several types of 
molding sand in the future. We will keep French sand in mind 
as well as the coating mixture you suggested. 

MEMBER: We found that oftentimes by changing our metal 
specification we can obtain the desired casting finish. Of course, 
this specification change would stiil meet the physical property 
requirements of the job. Have you been working with only one 
or with several metal analyses? 

Mr. FarrFIELD: That leads us into another channel of investi- 
gation—the effect of metal composition on surface finish. Our 
concern was the effect of the molding material, but I agree with 
what you say. There are certain tin bronzes that give a much 
smoother finish. Manganese bronze gives the best finish of the 
alloys used in our shop. The type of metal, of course, does affect 
the finish that you get. 

MemMsBeER: In high production work, do you find it more 
advantageous to riddle the sand than to jolt it? I noticed in 
your correlation that when you did not riddle the sand, you had 
to increase the jolting action. In time and motion studies we 
find that riddling sometimes affects rate of production. 

Mr. FAirFIELD: If we riddle the sand, we need only 6 jolts of 
the mold to get a good surface finish. If we do not riddle the 
sand, we require 26 jolts of the mold. It would seem to me that 
we need some automatic device to riddle on the first layer of 
sand. If that is done you can cut the jolts to 20 per cent of 
what you use when you do not riddle the sand. It is a matter of 
the available mechanical equipment for the job. If you install a 
million-dollar mechanized foundry and then use a molder’s 
hand riddle to riddle the sand on, you will cut down production. 
I think there is a need for some device that will do that auto- 
matically for you. 

CHAIRMAN HoORLEBEIN: What is the mesh size on your riddles? 
Has that any bearing on your finish? 

Mr. FAirFIELD: I believe the mesh size does have an effect 
on the casting surface finish. We used a 4g mesh riddle in this 
experiment, but I believe you would get satisfactory results with 
a larger riddle, up to 1%. 

MEMBER: You can go as low as a No. 10 riddle to get a good 
surface. 

CHAIRMAN HoresBeIn: We had to use a 4-mesh riddle to get 
a decent casting surface finish. That is the reason I raised the 
question, because when you go down that low, you pull out of 
your sand a lot of very small spillings and your riddling difficul- 
ties increase materially. Most foundries prefer a 14 or a 4-in. 
riddle, which is just making a pass at riddling. 





1 Foreman, Crane Co., Chicago 





CAUSES OF RAT-TAIL CASTING DEFECTS 


Final Report of 


A.F.S. Committee on Physical Properties of 


THE PROGRESS REPORT OF THIS COMMITTEE en- 
titled “Causes of Rat-Tail Casting Defect,” TRANsAc- 
tions, A.F.S., vol. 56, pp. 116-137 (1948) described the 
foundry work, castings, laboratory tests and reported 
the correlation found between laboratory test values 
and the rat-tail on castings. All the well known labora- 
tory tests were made on all the sands used in making 
castings. Results from only two laboratory tests, name- 
ly, hot compressive strength and expansion test, corre- 
lated with the rat-tail. 

The tentative conclusion reached in the progress 
report referred to above was based upon some 130 test 
castings and extensive laboratory tests at room and 
elevated temperatures. 

A majority of the sands used were what are com- 
monly termed, synthetic. The question arose whether 
the mechanical and physical properties of hot strength 
and expansion would reveal the sands that would cause 
rat-tails obtained from production foundries. 

The Committee requested of a large number of 
foundries working samples of sands that produce rat- 
tails. Five foundries submitted sands which were used 
to make castings and laboratory tests. This gave the 
Committee the material to complete its work on rat- 
tail defects. 


Method of Producing Test Castings 


The same equipment, type of metal, method of 
molding, melting, pouring and cleaning were em- 
ployed in this final work as was employed in the Com- 
mittee’s previous work as described in the progress 
report “Causes of Rat-Tail Casting Defect,” TRANs- 
AcTIONS, A.F.S. vol. 56, pp. 116-137 (1948). 


Molding Sand Employed 


The five sands submitted to the Committee were 
causing trouble in the foundry. This presented an ex- 
cellent opportunity first to secure test castings from 
these sands in condition as received and, secondly, to 
obtain test castings from these unsuitable sands after 
they had been altered by adding an ingredient. 

The treatment and additional ingredients, if any, 
are described below. 

Sand A—This is a foundry production sand which 





Iron Foundry Molding Materials at Elevated Temperatures 





produced rat-tails. It was tempered to a workable 
moisture content and passed through a No. 4 riddle. 
Castings were marked Al, A2, A3. 

Sand A plus 2 per cent Wood Flour—Two per cent 
wood flour by weight was added to foundry sand A and 
mixed in muller dry for 2 min. Water was then added 
to obtain workability and mixed for an additional 3 
min. Castings were marked El, E2, E3. 

Sand B—This is also a foundry production sand which 
produced rat-tails. It was tempered to a workable mois- 
ture content and passed through a No. 4 riddle. Cast- 
ings were marked B1, B2, B3. 

Sand B plus one-half per cent Cereal Binder—This 
sand was prepared by adding one-half per cent of cer- 
eal binder to foundry sand B. The sand was first 
mulled dry for 2 min and an additional 3 min after 
adding sufficient water to temper. Castings were 
marked FI, F2, F3. 

Sand C—This is a coarse foundry sand which did not 
produce rat-tails. This sand was treated in the same 
manner as sands A and B. The castings were marked 
Cl, C2, C3. 

Sand C plus 12 per cent Silica Flour—This is a coarse 
sand which produced castings without rat-tails but 
with a rough surface. It was prepared by adding 12 per 
cent silica flour by weight. The sand was mixed dry 
for 2 min in a muller and an additional 3 min after 
water was added. Castings were marked G1, G2, G3. 

Sand D—This is a fine-grained foundry production 
sand which was submitted as a sand causing a defect 
similar to rat-tail. It was tempered and passed through 
a No. 4 riddle. Castings were marked D1, D2, D3. 

Sand D plus Albany Sand—This sand was found to be 
weak and brittle. This sand was prepared by adding 
equal parts of No. 1 Albany Sand and Sand D, plus 5 
per cent sea coal. It was mulled in the dry state for 2 
min and an additional 3 min after water was added. 
The castings were marked JI, J2, J3. 

Sand I—This is a foundry production sand which was 
submitted as a sand which did not cause rat-tails. It 
was shovel-mixed, tempered and passed through a No. 
4 riddle. Castings were marked I], I2, 13. 

Three sands, H, K and L, containing ingredients 
shown below, were prepared to give some additional 
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(Left) 
Hot Strength 
at 1100 F, 120 psi. 
Expansion at 
1500 F, 0.030 in./in. 


Cope 


Drag 


(Left) 
Hot Strength 
at 1100 F, 142 psi. 
Expansion at 
1500 F, 0.040 in./in. 


Cope 





| |4 





(Right) 

Hot Strength at 
1100 F, 74 psi. 
Expansion at 

1500 F, 0.033 in./in. 


Fig. 1—Castings made in 
Sand A “as received” 
(left) and 

Sand A with 

2% wood 

flour addition 

(right). 


(Right) 
Hot Strength at 
1100 F, 119 psi. 
Expansion at 
1500 F. 0.040 in./in. 


Fig. 2—Castings 
made in Sand B 
“as received” 
(left) and 

Sand B with 
14% cereal 
addition (right). 
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(Left) 
Hot Strength 
at 1100 F, 90 psi. 
Expansion at 


Cope 


Drag 


(Left) 
Hot Strength 
at 1100 F, 43 psi. 
Expansion at 
1500 F, 0.025 in./in. 


Cope 


Drag 





1500 F, 0.022 in./in. 








(Right) 
Hot Strength 
at 1100 F, 116 psi. 
Expansion at 
1500 F, 0.016 in./in. 


Fig. 3—Castings 
made in new 
Sand C “as 
received” (left) 
and Sand C 
with 12% 
Silica flour 


(right). 


(Right) 
Hot Strength 
at 1100 F, 45 psi. 
Expansion at 
1500 F, 0.023 in./in. 


Fig. 4—Castings 
made in Sand D 
“as received” 

(left) and Sand D 
with equal 

parts of Albany 
sand (right). 














A.F.S. COMMITTEE REPORT 

















(Left) 
Hot Strength 
at 1100 F, 475 psi. 
Expansion at 
1500 F, 0.032 in./in. 


Cope 


Drag 


(Left) 
Hot Strength 
at 1100 F, 194 psi. 
Expansion at 
1500 F, 0.047 in./in. 


Cope 


e 








(Right) 
Hot Strength 
at 1100 F. 213 psi. 
Expansion at 
1500 F, 0.019 in./in. 


Fig. 5—Castings 
(left) made in 
synthetic Sand K, 
9314% Silica, 

4%, West. Bentonite, 
2%, Diatomaceous 
earth and 

(right) Sand I 

“as received.” 


(Right) 
Hot Strength 
at 1100 F, 127 psi. 
Expansion at 
1500 F, 0.025 in./in. 


Fig. 6—Castings 
(left) made in 
synthetic Sand H, 
94%, Silica, 2%, 
West. Bentonite, 

2%, Southern Benton- 
ite, 2%, Wood Flour 
and (right) 

Sand L, 94%, Silica, 
1% West. Bentonite, 
3%, Southern Ben 
tonite, 2% Pitch. 
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rat-tailing sands and also afforded an opportunity to 
make further checks to determine if confined expan- 
sion and hot strength tests could identify rat-tailing 
sands. 
Sand H—This molding sand consisted of the follow- 
ing ingredients: 
92 per cent silica sand, washed & dried 
2 per cent southern bentonite 
2 per cent western bentonite 
2 per cent wood flour 
The castings were marked H1, H2, H3. 
Sand K—This molding sand consisted of the follow- 
ing ingredients: 
931% per cent silica sand, washed & dried 
4 per cent western bentonite 
21% per cent diatomaceous earth 
The castings were marked K1, K2, K3. 
Sand L—This molding sand consisted of the follow- 
ing ingredients: 
94 per cent silica sand, washed & dried 
1 per cent western bentonite 
3 per cent southern bentonite 
2 per cent pitch 
The castings were marked L1, L2, L3. 
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Casting Results 

Photographs of the cope and drag sides of repr« 
sentative castings obtained from the various sand 
prepared for testing at the University of Michiga: 
foundry, Jan. 26 to 29, 1948, are shown in Fig. 1 to 6 
Sand A (Fig. 1) as received, produced rat-tail defect 
in the drag only. When 2 per cent wood flour wa: 
added to this sand, the hot compressive strength was 
reduced from 120 to 74 psi and rat-tails were elimi 
nated (Fig. 1). 

The castings made using Sand B as received, hav: 
large rat-tails in the drag and small rat-tails in th 
cope (Fig. 2). The addition of 14 per cent cereal bind- 
er eliminated the rat-tails from the cope and reduced 
the size of rat-tails in the drag (Fig. 2). The hot com- 
pressive strength was reduced from 142 to 119 psi with 
little change in the confined expansion. 

The castings produced in sand C did not have rat- 
tails (Fig. 3). This sand was used to determine whether 
an increase in hot compressive strength would produce 
rat-tails. Therefore, 12 per cent silica flour was added 
to Sand C which raised the hot compressive strength 
from 90 to 166 psi and decreased the confined expan- 
sion from 0.022 to 0.016 in. per in. Castings produced 


TABLE 1—PROPERTIES OF MOLDING SANDS INVESTIGATED 


Rat Tail Sands—Jan. 27, 1948 








A E B F Cc G D J H I K L 
Sand A Sand B Sand C SandD 94%Silica 93.5%Silica 94%Silica 
+ 2% +.5% + 12% + 4714%2%W.Bent. 4%,W.Bent. 1% W.Bent. 
Sand Designation Wood Cereal Silica Albany 2%S.Bent. 2.5%,Diatom 3%S.Bent. 
Flour Binder Flour Sand 2%, Wood 2% Pitch 
+ 5% Flour 
Sea Coal 
Casting Designation A E B F Cc G D J H I K L 


Casting Results Large O.K. Large Medium Rough 


Rat-Tail Rat-Tail Rat-Tail 

Moisture, % 6.4 5.4 5.3 4.1 8.8 
Green Permeability 78 53 36 33 185 
Green Compression, psi 7.7 10.5 5.3 7.5 6.6 
Green deformation, in/in 0.013 0.013 0.012 0.012 0.011 
Flowability, % 66 67 81 78 70 
Density, Ib/cu ft 98.7 94.3 95.5 94.0 88 
Dry Strength, psi 203.5 89.9 100.2 100.7 48.5 


1500 Exp. Free Solid,in/in 0.0175 0.014 0.0243 0.022 0.0185 


1500 ” ” Hollow,in/in 0.0187 0.016 0.0225 0.022 0.0175 
1500 ” Conf. Solid,in/in 0.030 0.033 0.040 0.040 0.022 
2500 ” , ” in/in 0.040 0.0415 0.0275 0.0317 0.0222 
1000 F Hot Strength, psi 105 66 138 113 87 
1100 F Hot Strength, psi 120 74 142 119 90 
Average Grain Size 65 67 110 109 48 
A.F.S. Clay, % 8.4 75 7.1 9.8 14.6 
6 0 0 0 0 0.10 
12 0.20 0.20 0.40 0.50 0.90 
20 0.30 0.40 0.80 0.50 3.70 
30 0.90 0.90 0.80 0.80 9.40 
40 5.30 4.90 2.60 1.50 17.00 
50 20.30 20.20 3.40 3.70 22.60 
70 $2.70 $2.40 6.60 6.80 16.20 
100 18.30 18.50 14.10 14.10 8.50 
140 6.60 7.10 33.40 $2.70 3.60 
200 3.50 3.80 21.80 21.00 1.70 
270 1.80 1.80 5.60 5.00 0.80 
Pan 1.70 2.30 4.00 3.60 0.90 


Small Washes O.K. Medium Medium Large Slight 


Rat-Tail Rat-Tail Rat-Tail Rat-Tail Rat-Tail 
9.0 6.8 5.5 4.2 9.2 6.6 2.8 
43 8.2 27 
10.7 6.2 9.8 5.9 12.05 6.7 7.3 
0.016 0.0115 0.007 0.005 0.015 0.0063 0.0015 
65 81 77 80 74 79 83 
101.0 96.7 100.5 95.3 98.1 98.8 93.7 
137.2 16.5 63.1 59.6 114.8 233.1 74.7 


0.018 0.018 0.020 0.022 0.0173 0.024 0.024 


0.0187 0.0195 0.0185 0.020 0.018 0.0193 0.020 
0.0167 0.025 0.023 0.047 =—-0.019 0.032 0.025 
0.0247 0.0355 0.031 0.0303 . 0.023 0.031 0.042 
166 41 39 151 258 418 123 
166 43 45 194 293 475 127 
66 184 133 146 89.7 152 143.16 
21.40 17.8 17.0 4.2 15.4 6.8 6.2 
0 0 0 0 2.3 0 0 
0.20 0.60 0.4 0 1.1 0 0 
2.60 1.20 0.6 0.1 1.3 0 0.1 
7.10 1.20 0.6 0.1 0.7 0 0.1 
13.30 1.60 1.7 0.9 1.9 0.1 0.1 
18.50 2.00 6.5 0.4 2.7 0.3 0.2 
15.30 2.60 12.4 0.6 5.9 0.2 0.3 
8.70 4.60 13.8 1.6 30.9 1.6 22 
4.00 10.70 11.3 24.1 25.5 26.3 33.6 
2.40 16.00 10.7 40.6 7.0 38.2 35.4 
2.00 13.30 7.4 24.9 1.9 18.6 16.1 
4.50 28.40 17.6 2.5 3.4 7.9 5.7 
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have rat-tails in the drag but not in the cope. Thus, 
an increase in hot compressive strength, when the con- 
fined expansion is not lowered sufficiently is conducive 
to the formation of rat-tails. 

Castings produced with sand D (Fig. 4) showed wash 
defect but no rat-tails. When an equal part of Albany 
sand and 5 per cent sea coal was added to this sand the 
castings were free of rat-tails and no apparent wash 
defects. 

An interesting group of castings (Fig. 5) were ob- 
tained from molds made of sand K, a synthetic sand 
prepared to yield a high hot compressive strength of 
475 psi. These castings showed large rat-tails in both 
the cope and the drag. 

Sand I was used as received from the foundry. Fig- 
ure 5 shows representative castings obtained from 
molds made of this sand. Small rat-tails were present 
on the drag face of these castings. The sand possessed 
a high hot compressive strength of 293 psi and a low 
confined expansion of 0.019 in. per in. which partially 
counteracts the hot strength but not sufficiently to 
prevent rat-tail formation. . 

Castings obtained from synthetic sand H (Fig. 6) 
showed rat-tails on the drag. This sand possessed high 
confined expansion value of 0.047 in. per in. which was 
not sufficiently low to counteract the moderately high 
hot compressive strength of 194 psi. 

Sand L is a modification of Sand H in which wood 
flour is displaced by pitch and southern bentonite is 
increased, western bentonite is decreased. The con- 
fined expansion is 0.024 in. per in. and the hot com- 
pressive strength is 127 psi. The castings have faint 
rat-tails in the drag, indicating the influence of con- 
fined expansion on the formation of rat-tails. 


Properties of Sands Employed 


The sands used in the Committee’s previous rat- 
tail investigations were subjected to practically every 
known foundry sand laboratory test. 

The only direct correlation between the properties 
of the sands studied was found when the combination 
of hot compressive strength and confined expansion 
data was compared with the severity of the rat-tail 
defect. A combination of high hot compressive strength 
and high confined expansion is conducive to rat-tail 
formation. 

Sand tests made in this final investigation on rat- 
tail defects were restricted to those proven pertinent 
in the Committee’s previous investigation. 

The sand test data as determined at the Harry W. 
Dietert Co. Laboratory is tabulated in Table No. 1. 
Reviewing the room temperature physical properties 
of the sand, such as moisture, permeability, green com- 
pressive strength, green deformation, flowability and 
density, shows that the group of sands used in this par- 
ticular investigation covered a wide selection of sands 
that might be used for plate castings on which rat-tail 
defects are most prevalent. The room temperature 
properties of the sands tested did not correlate with the 
results obtained from the test castings. 

The dry compressive strength data did not offer a 
definite measure whether or not the sand will produce 
rat-tails, yet frequently a high dry strength is associated 
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with a rat-tailing sand. A low dry strength, for ex- 
ample, less than 20 psi does seem to cause a sand to 
wash. 

Foundry sands which were coarse (for example, 
with an average grain size from 40 to 50) were less 


. likely to produce rat-tail defects than the finer sands 


with average grain size (for example 150). 

The percentage of clay substance as determined by 
the decanting method did not correlate with rat-tails. 
The same applies for the grain distribution since no 
positive relationship was found between grain distri- 
bution and rat-tails. Apparently grain distribution is 
less important than the combination of high hot 
strength and high confined expansion prevails in form- 
ing rat-tails. 


Relationship of Hot Compressive Strength and Confined 
Expansion to Rat Tails 


The failure of the mold surface in the form of a 
fracture due to compressive force is an explanation of 
the causes of rat-tail defect. 

The compressive force on the mold surface increases 
with an increase in the volume growth of the sand on 
the mold surface. This volume growth, commonly 
termed “expansion,” largely takes place at a relatively 
low temperature. When 1200 F is reached most of the 
expansion or volume growth of a molding sand has 
taken place. The volume growth is most rapid between 
1000 and 1200 F as shown in Fig. 7. Thus, within this 
range of temperatures a mold surface may be taxed or 
subjected to the greatest stresses. 

It is not desirable to determine the shock expansion 
at temperatures between 1000 and 1200 F since one 
would be taking a reading on the steep portion of the 
expansion curve. Better duplication of test values may 
be had by determining expansion on the flat portion 
of the curve at, for example, 1500 F. The confined ex- 
pansion curve, Fig. 7, is for slow heating and shows the 
rapid growth between 1000 and 1200 F. This method 
of test is time consuming for control testing and rapid 
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Fig. 7—The confined expansion of a molding sand 
under slow heating, 400 F per hr. 
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Fig. 8—Relationship of rat-tail defects to hot compres- 
sive strength, 1100 F and confined expansion, 1500 F. 


heating of test specimen is found satisfactory for con- 
trol testing. 

A procedure is to immerse the test specimen in a 
temperature of 1500 F and read the expansion after 
the specimen does not show any more growth. When 
the specimen is enclosed within a quartz tube (con- 
fined expansion test), a more accurate expansion meas- 
urement is obtained than when the specimen is not 
rammed within a quartz tube. 

The hot compressive strength test values shown in 
Table No. 1 were determined at 1000, 1160 and 2500 F 
in furnace atmosphere with circulation. (A heating 
period of 12 min was used in these tests.) This did not 
allow sufficient time for the 114-in. x 2-in. sand speci- 
men to come to furnace temperature throughout how- 
ever adequate to obtain good correlation with casting 
results. A table rise of 1 in. per min was used to apply 
the load. When hot compressive strength determina- 
tions are made at 1100 F, one obtains the hot strength 
of the sand at a temperature which corresponds with 
the temperature when the sand is increasing in volume 
or expansion at the greatest rate. At this tempcrature, 
the mold surface would be subjected to the greatest 
destructive compressive stresses. 

Figure 8 shows a graph plotting the hot compressive 
strength at 1100 F versus confined expansicn at 1500 F. 
The points representing the sand producing rat-tails 
for example castings A, B, F, G, H, I, K and L fall 
within a given area and are segregated from the cast- 
ing where no rat-tail defects were present, for example 
castings C, D, E and J. Casting K showed the most 
severe rat-tail defects. This sand had a high hot com- 
pressive strength and a high confined expansion. 

A sand of high hot compressive strength would re- 









quire a low confined expansion to avoid producing ra‘- 
tails. Conversely, a low hot compressive strength sani 
could accommodate a high confined expansion. 

The data of the Committee’s previously mentione.| 
investigation may be combined with this investigatioi.. 
In the Committee’s previous investigation, hot com- 
pressive strength at 1000 F and a confined expansion 
test at 2500 F were recorded. This same test data 1s 
available for the final investigation. 

Plotting the last data on the graph of the previous 
progress report one obtains results as shown in Fig. 9. 
A good check is obtained considering the time elapse 
between tests. There existed a narrow zone at or near 
the line that separates the rat-tail and the no rat-tail 
zone where one may or may not obtain rat-tails on 
test castings used in this investigation. 


Conclusions 


Results of these investigations on causes of rat-tail 
defects are as follows: 

1. When both hot compressive strength and con- 
fined expansion are high, the sand properties are con- 
ducive to formation of rat-tails. The rat-tail may be 
alleviated by lowering either only. In practice it is 
easier to change hot compressive strength than con- 
fined expansion. 

2. The best laboratory tests found to determine 
whether a sand would or would not produce rat-tails 
on castings were the hot compressive strength at 1100 F 
and confined expansion test at 1500 F. 

3. For gray iron plate castings, similar to the test 
castings of this investigation a hot compressive strength 
at 1100 F within the range of 50 to 80 psi having con- 
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Fig. 9—Casting results of final report combined with 
1947 Progress Report. 
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(ined expansion at 1500 F as low as possible, preferably 
below 0.030 in. per in. of length, is suggested. 

4. Additives to molding sands that confer low hot 
compressive strength offer a means of controlling the 
hot strength and yield good results in reducing rat- 
tails when the base sand had a high hot compressive 
strength. 

5. Controlling the mold hardness (mold strength) 
of a mold within a specific range is required when one 
specifies a range of hot compressive strength and con- 
fined expansion values. 

6. Increasing the coarseness of a sand is helpful in 
avoiding rat-tails in that it gives greater latitude in the 
control of mold hardness, hot compressive strength, 
and confined expansion. 

7. The use of cushioning materials such as wood 
flour, cereal, bran, etc., offers a means of reducing or 
eliminating rat-tails. 

8. Moisture content of the sand is not a direct cause 
of rat-tail, it may be an indirect cause. A high mois- 
ture content may cause the mold hardness to rise to a 
point where the expansion and hot strength is materi- 
ally increased, thus producing rat-tails. However, 
should the mold be rammed to a controlled or speci- 
fied mold hardness then ‘no increase in confined ex- 
pansion or hot strength is obtained thus no rat-tails 
are formed. 

9. Rat-tails were most prevalent on the drag side of 
the test casting. 

These conclusions confirm those reported in the 
progress report “Causes of Rat-Tail Casting Defect”’ 
published in Transactions, A.F.S., vol. 56, pp. 116— 
137 (1948). 


APPENDIX A 
Expansion Test on Molding Sands 


The expansion of molding sands has received a lim- 
ited attention and following discussion presents some 
observation on this subject particularly to regard to 
measurement. 

The majority of the expansion tests have been made 
on the 1l4-in. x 2-in. specimen, standing free on a 
quartz support in the furnace. The specimen may or 
may not be loaded and a load up to 4 oz does not 
affect the values of the expansion of a sand within 
practical limits. It does have an effect on the hot 
shrinkage of a sand. This method of expansion meas- 
urement may be described as free and solid specimen. 

A second method termed free and hollow specimen 
is one in which the 114-in. x 2-in. specimen has a 14-in. 
hole through the center. The hollow sand specimen 
can be heated more rapidly to uniform temperature. 

A third method, used in this investigation, was the 
confined solid specimen expansion test. In this method 
the sand specimen is rammed within a quartz tube 
lly in. inside diameter by 3 in. in length. The arrange- 
ment of the specimen tube assembly for accomplishing 
this is shown in Fig. 10. The center rod of the assem- 
bly is removed when a solid sand specimen is desired. 

Note that the quartz tube is held within a metal 
specimen tube to prevent breakage of the quartz tube 
from shock during ramming. The quartz tube is 
wrapped with one layer of gummed tape. This tape is 
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removed before the tube containing the rammed sand 
specimen is placed in the furnace. 

The manner of supporting the specimen in the 
furnace and means of measuring the growth of the 
sand with a dial indicator is shown in Fig. 1l. A 
cathetometer may be used to measure the growth of 
the sand equally as well in which case a quartz target 
is placed on the sand specimen. Confined expansion 
tests may be made with hollow or with solid specimens. 

Free expansion test data are frequently in error due 
to the fact that the specimen spalls or breaks due to 
thermal shock, in which case the expansion measure- 
ment may be in error. 

The choice of temperature for measuring the con- 
fined expansion must largely be left to the investiga- 
tor’s selection. A temperature of 1500 F is suggested 
when the confined expansion data is to be used for 
controlling rat-tails. 


Committee Personnel 


The Committee which carried out this project on 
determination of causes of the rat-tail defect on cast- 
ings consisted of the following: 
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Fig. 10—Specimen tube assembly for forming sand 
specimens as used in confined expansion test. 
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Fig. 11—An arrangement for measuring confined ex- 
pansion of molding sand. 





EFFECT OF COMPOSITION ON PROPERTIES 
AND STRUCTURE OF CAST MONEL 


J. T. Eash * and T. E. Kihlgren * 


ABSTRACT 


This paper presents a discussion of the effect of changes in the 
base composition, melting practice and certain impurities on the 
mechanical properties and microstructure of cast monel. The 
silicon content in monel is of major importance due to its solu- 
tion and precipitation hardening effects. The tensile strength 
ranges from 70,000 to 140,000 psi between 1.5 and 4 per cent sili- 
con. An increase in the ratio of copper to nickel increases the 
hardness at a given silicon level. The carbon content should not 
exceed the solubility limit, for the excess occurs as graphite 
which decreases the strength and toughness. Sulphur will form 
intergranular films and low properties unless fixed by sufficient 
magnesium. Lead is detrimental ‘to strength at normal and 
elevated temperatures. The effect of zirconium is demonstrated. 


NICKEL COPPER ALLOYS ARE USED WIDELY in ap- 
plications requiring resistance to corrosion. The group 
containing about 30 per cent copper and known as 
Monel are particularly adaptable to diverse fields due 
to their properties and availability in both wrought 
and cast shapes. By controlling the composition of the 
cast material, a range of properties can be obtained 
that greatly increases the scope of its usefulness. Ordin- 
ary Monel castings with 1.5 per cent silicon have mod- 
erate strength and high toughness. By increasing the 
silicon content, the strength and hardness are increased, 
and at extremely high hardness levels an alloy of ex- 
ceptionally good anti-galling characteristics is obtained. 


Commercial Monel castings usually fall in the fol- 
lowing range of compositions: 62 to 65 per cent nickel, 
29 to 32 per cent copper, 1.25 to 4 per cent silicon, 1.5 
to 2 per cent iron, 0.5 to 1 per cent manganese and 0.05 
to 0.20 per cent carbon. Not only are the properties 
dependent upon a certain balance between these ele- 
ments, but they may also be affected by the melting 
practice and contaminating elements such as sulphur, 
lead and boron. Information has been obtained over 
a number of years from both research and commercial 
production experience on these various factors. A dis- 
cussion of their effects on the tensile properties and 
microstructure will be presented. 


* Research Metallurgists, International Nickel Company, Bay- 
onne, N. J. 
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Melt Procedure 


The experimental melting was done in 30-lb induc- 
tion furnaces with magnesia-lined crucibles. Usually 
electro-nickel squares and electro-copper and Armco 
iron were melted down together. After deoxidizing 
with silico-manganese, silicon was added as 95 per cent 
silicon. Carbon was added as 1.5 per cent carbon 
nickel. The melts were skimmed, deoxidized with 0.05 
to 0.1 per cent magnesium and poured into green sand 
molds producing cast-to-shape tensile bars according 
to the Eash! pattern. This mold has four horizontal 
bars with a 34-in. diameter reduced section forming the 
sides of a square with a 134-in. diameter riser at each 
corner. A down sprue in the center of the square is 
connected by gates to each corner. A pouring tempera- 
ture about 300 F above the liquidus was employed. All 
the bars were machined to standard 0.505-in. diameter 
tensiles with threaded ends. 

The production heats were made at the Bayonne 
Works plant of the International Nickel Co. Melting 
was done in a direct-arc furnace with a basic bottom 
following a procedure adopted early in the 1930's. 
Nickel and copper were melted down with a little char- 
coal under a limestone cover and a gentle boil was in- 
duced with the addition of nickel oxide. When the 
desired carbon level was obtained, silico-manganese 
was added to the bath followed by 0.05 to 0.1 per cent 
magnesium. Silicon and 0.05 per cent titanium were 
added in the ladle when the bath was tapped. Test 
bars from the commercial heats were cast-to-shape and 
were produced in dry sand molds having two vertical 
bars connected by fin gates to the edges of a central 
vertical feeder 7 in. high x 2 in. wide x 11% in. thick 
attached to the overhead pouring sprue. Where devia- 
tions from these normal procedures occur, mention will 
be made of them in the text. 


Effect of Silicon 


Silicon plays a very important part in controlling 
the properties of cast Monel. Due to its limited solid 
solubility, considerable variation in properties can be 
obtained at different silicon levels as shown for a series 
of commercial arc furnace heats containing 30 to 32 
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per cent copper in Fig. 1 and Table 1. Up to about 2 
per cent silicon, the hardness increases moderately, but 
with larger amounts the increment of hardening is 
greater due to the silicon exceeding the solid solubility 
limit and strengthening occurring by age hardening. 
The yield strength in particular takes an upward swing 
above 2 per cent silicon; a high yield/tensile ratio is 
characteristic of alloys strengthened by precipitation 
hardening. 

Ordinary commercial Monel castings contain 1.50 to 
1.75 per cent silicon and have a tensile strength of 
about 75,000 psi, a yield of 35,000 psi, an elongation of 
35 per cent and a Brinell hardness of 125. This alloy 
is used in such applications as valve bodies, pump im- 
pellers, fittings, propellers and filter plates where re- 
sistance to corrosion is required at normal and mod- 
erately elevated temperatures in such media as sulphur- 
ic acid, hydrochloric acid, salt solutions, foods, organic 
acids, alkalies and dry gases such as chlorine and am- 
monia. 

In applications requiring the same order of cor- 
rosion resistance as the regular cast Monel and, in ad- 
dition, mild resistance to erosion, the silicon can be 
raised to 3 per cent. This alloy has a hardness of about 
200 Brinell and correspondingly greater strength. 
Castings with 1.5 per cent silicon may be slightly mag- 
netic at room temperature, but with increased silicon 
content the Curie temperature is lowered, and with 3 
per cent silicon the transformation occurs at about 
—90 F. 

Compositions with 4 per cent silicon have a hardness 
of 300 to 340 Brinell, high tensile strength and a small 
amount of ductility. This material, commonly known 
as “S’’ Monel, is recognized for its excellent resistance 
to galling and is very suitable for valve seats and slid- 
ing parts. It is preferable where possible to use this 
alloy in the as-cast condition, but when extensive ma- 
chining is required, it may be desirable to soften it. 
This can be done by annealing at 1650 F for 1 hr per 
in. of section, air cooling to 1200 F, and oil quenching, 
which lowers the hardness to about 235 Brinell. A sili- 
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Fig. 1—Effect of silicon on properties of cast Monel arc 
furnace heats. 


con content of around 4 per cent causes a tendency 
toward quench cracking, so, for this reason, the de- 
layed quench is used. Some castings of slightly lower 
silicon content and simple in shape can be quenched 
directly from the annealing temperature without dam- 


. 


Effect of silicon content on microstructure of cast Monel. 


Fig. 2—1.6% Si Monel. 100X. 


Fig. 32.75% Si Monel. 100X. 


Fig. 4—4% Si Monel. 100X. 
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age and a lower hardness of some 180 Bhn is obtained. 
\fter machining, rehardening is accomplished by aging 
at 1100 F for 4 hr 


The effect of silicon on the microstructure is shown 
in Fig. 2 to 4. Regular cast Monel usually has a mod- 
erately cored structure with little free silicide. Raising 
the silicon to 3 and 4 per cent increases the amount of 
coring due to the presence of very finely divided dark 
etching silicides that are precipitated as the casting 
cools after freezing. The small white islands in the 
center of the dark areas are primary silicides that 
formed during freezing. The presence of these free 
silicides along with high matrix hardness impart the 
good anti-galling properties to the 4 per cent silicon 
Monel. 


Effect of Copper 

The solubility of silicon in nickel-copper alloys 
varies with the copper content. Nickel will retain 
about 5.5 per cent silicon in solution, but this de- 
creases to about 1.6 per cent in as-cast Monel with 30 
per cent copper and further to about 0.1 per cent sili- 
con at 90 per cent copper. Due to the hardening effect 
of excess silicon, it is evident that a change in the cop- 
per nickel ratio of Monel will affect the properties at a 
given silicon level. 

Comparison between the properties of experimental 
induction furnace heats of variable silicon containing 
28 and 32 per cent copper is shown in Fig. 5 and Table 
1. The higher copper heats have greater hardness, ul- 
timate and yield strengths and lower elongation. 


TABLE 1.—TENSILE PROPERTIES OF CAST MONEL 





Ultimate Yield 
Strength, Strength, Elongation 
% in 2 in. Area, % Hardness Mold 


/0 


Reduction of Brinell 


Composition, per cent 

No. Si Fe Ni Cu psi psi 
EXPERIMENTAL INDUCTION FURNACE MELTS 

1.24 (1.5) * (69) (27.5) 72,200 29,600 40 140 Crown 








27,750 Vertical 2-Bar 


2 (1.25) (1.5) (69) (27.5) 67,500 
Eash 


1 
3 246 2.15 (66.5) (28.5) 79,700 39,800 
4 253 1.36 (67) (28.5) 77,000 40,300 
5 


52,500 Crown 


3.06 (1.5) (68) (27) 90,150 
Eash 


(1.25) (66.5) (28.5) 92,300 59,500 
1.25 (66) (28.5) 104,000 73,250 
1.25 (65.5) (28) 112,500 89,000 
1.30 (65.5) (28) 121,000 97,350 
(1.25) (65) (28) 124,400 116,000 


Higher Copper 
(1.5) (63) (32.5) 78,500 34,500 36 Vertical 2-Bar 
(1.25) (63) (32.5) 93,600 48,700 28.5 4 Eash 
(1.25) (62.5) 32.25 , 100,500 75,200 5 ‘ 
2.06 (63.5) 30.00 , 117,700 90,750 4.5 
(1.25) (62) 32.27 113,750 113,750 0.5 


Unoxidized Heats 


(2.0) (67.3) (28.5) 63,700 33,000 20 
(2.0) (66) (28.5) 69,200 52,300 6 
(2.0) (65.5) (28.5) 81,500 65,000 5 
(2.0) (65.5) (28.5) 95,900 86,800 I 
(2.0) (65) (28.5) (0. 104,600 97,800 Nil 
(2.0) (64.5) (28.5) 113,500 113,500 2 


PRODUCTION ARC FURNACE MELTSt 
1.40 64 32.2 81,700 36,400 2-Bar 
(1.5) (64) (32) b 84,000 35,400 
(1.5) (64) (32) ‘ 78,000 34,600 
2.36 63.7 2 103,000 64,900 
2.15 - 63.2 \ : 102,100 55,700 
1.88 63.6 id J 139,500 98,000 
1.87 63.44 ; 4 138,500 111,000 
1.73 63.1 . 1 134,000 110,000 
1.66 63.5 5 . 141,500 112,500 
2.10 62.7 ‘ . 142,200 116,700 
1.68 63.9 ‘ : 138,700 111,500 


Special Production Heats 


1.75 63.9 29.7 , 148,600 105,200 9 
1.79 63.7 29.7 j 151,800 110,000 4 
1.89 65.7 27.7 I 136,000 88,000 14 
169 65.9 27.6 : 136,500 85,300 17 


” 


” 


(1) Yield Strength is 0.5% extension under load. 
(2) The Melts contain 0.5 to 0.9% Manganese. 


* () Indicates calculated composition. 
+ Data on the Production Heats were furnished by the Bayonne Works Plant of the International Nickel Co. 








Effect of Melting Practice 


The melting practice employed in producing Monel 
castings has a profound influence upon the properties 
obtained. In particular, oxidation of the melt is one 
factor that can play a very important part in eliminat- 
ing gas and improving ductility. This effect was made 
known from two groups of 28 per cent copper melts 
made in the induction furnace using magnesia-lined 
crucibles. In the earlier heats, silicon was charged in 
the bottom of the crucible followed by electro-nickel, 
electro-copper and Armco iron. After melting down, 
silico-manganese was added and the heat was finished 
with 0.05 per cent magnesium, skimmed and poured. 
This produced a dead heat throughout the entire melt- 
ing cycle. The resulting test castings appeared sound; 
however, it was not uncommon for exudations to occur 
on top of the risers which suggested the separation of 
gas late in the solidification of these larger sections. 
The tensile properties of these melts are listed in Table 
1 under “unoxidized” heats and are plotted in Fig. 6. 

In the second series of heats, copper, nickel and iron 
were melted down and then oxidized with 0.2 per cent 
nickel oxide. After holding a few minutes, the bath 
was deoxidized with silico-manganese and skimmed. 
Silicon was then added to the desired content and a 
final addition of 0.05 per cent magnesium made just 
before pouring. This practice eliminated the exuda- 
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Fig. 5—Effect of copper and silicon on properties of 
cast Monel induction furnace heats. 


PROPERTIES AND STRUCTURE OF Cast MONE 


tions during solidification and produced test bars ha. - 
ing a better combination of strength and ductility tha , 
obtained without the oxidation treatment, as shown i: 
Fig. 6. Both sets of heats had equal hardness and yiel:! 
strengths. 

Microscopic examinations have indicated that th 
oxidation treatment reduces micro or interdendriti: 
shrinkage which is believed due to separation of hydro- 
gen during solidification. The detrimental effect of 
interdendritic shrinkage on the properties of numerous 
cast alloys is well known, and much work has been 
done on eliminating it. The treatments ordinarily in- 
volve a boil or an addition to fix the offending gas. It 
is not uncommon in cast age-hardening alloys to find 
that bars with microshrinkage will have the same yield 
and hardness as a very sound bar, but lower ultimate 
and elongation as noted above. Apparently the micro- 
shrinkage hinders the plastic flow necessary to reach 
the maximum strength. 

A less extensive demonstration but no less remark- 
able of the effect of melt oxidation obtained through a 
good boil on 3.75 per cent silicon arc furnace produc- 
tion heats was also observed. The commercial heats 
represented in Fig. 1 were produced as described earlier 
where just a sufficient boil was obtained to reduce the 
carbon to the production level of 0.05 to 0.20 per cent. 
The “special” high strength heats shown in Table | 
were obtained after a vigorous boil. The electro- 
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Fig. 6—Effect of melt oxidation on properties of cast 
Monel induction furnace heats. 
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Fig. 7—Effect of carbon content on tensile properties 
of cast Monel. 


nickel, copper, iron and crushed electrode to give about 
0.10 per cent carbon were melted down under a thin 
limestone slag. After the bath was molten, sufficient 
nickel oxide was added to reduce the carbon to about 
zero. After skimming, manganese and 0.1 per cent 
magnesium were added to the bath which was then 
tapped into a ladle containing the silicon. Silicon 
titanium to give 0.1 per cent titanium was added in 
the stream. Thus the benefit of oxidation treatment 
has been demonstrated on both the arc and induction 
furnace heats. 

Early in 1936, Duma? reported on the beneficial ef- 
fects of small amounts of titanium on cast Monel 
melted in the direct-arc furnace. Titanium was intro- 
duced through the slag by the reduction of rutile with 
aluminum. 
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While melting Monel in the indirect-arc furnace, 
Ames and Kahn® encountered considerable trouble 
from gas pick up that caused interdendritic shrinkage 
and low properties. They demonstrated the benefit of 
oxidation treatment and showed that both nitrogen 
and hydrogen would produce the detrimental effects 
noted and that titanium would fix both gases and pro- 
duce good castings of Monel melted in the indirect- 
arc furnace. 


Effect of Carbon 


The carbon content of regular 1.5 per cent silicon 
Monel is rather critical to obtain the maximum prop- 
erties. This is demonstrated by two series of melts as 
shown in Fig. 7. The experimental heats were made on 
a 27.5 per cent copper, 1.25 per cent silicon base de- 
oxidized with 0.1 per cent magnesium and 0.02 per 
cent aluminum and poured into Crown‘ type tensile 
bars molded in green sand. The second series was ob- 
tained from a study of arc furnace production heats 
containing 33 per cent copper and 1.45 per cent silicon. 
The former is representative of earlier practice and the 
higher copper base is typical of more modern practice, 
having been adopted because of its higher yield 
strength. 

Initial additions of carbon increase the strength due 
to hardening of the matrix by solid solution. Maxi- 
mum strength is reached at about 0.17 per cent carbon 
for the 33 per cent copper heats and at 0.25 per cent 
carbon for the 27.5 per cent copper heats. The decrease 
in strength above these amounts is due to the forma- 
tion of free graphite. The strengthening effect of car- 
bon is greater in the higher nickel composition due to 
its greater solubility in this base; however, it should be 
noted that the yield strength of the higher copper 
heats is greater. Even though an excellent combination 
of tensile properties is still obtainable at 0.40 per cent 
carbon, it is probable that this would not be true of 
larger sections that solidify more slowly. It has been 
observed that marginal melts may be quite ductile in 
tensile bar sections, but they show a gray, brittle frac- 
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Effect of variable carbon content on structure of cast 1.25% Si Monel. (Base melt: 1.25 Si, 1.5 Fe, 0.5 Mn, 27.5 Cu and 69 Ni). 


Fig. 80.24%, T. C., 0.06% G. C. 


Fig. 9-0.41% T. C., 0.27% G. C. Fig. 10-0.83% T. C., 0.75% G. C. 
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ture in the heavier riser, which indicates that the cool- 
ing rate is important in critical melts. 

The impact resistance is impaired most severely by 
increases in carbon, falling from 110 ft-lb. at very low 
carbon to 40 ft-lb at 0.4 per cent carbon and to 10 ft- 
lb at 0.8 per cent carbon. 

One anomaly may be noted in the low carbon melts, 
in that the elongation as well as the tensile strength is 
below the peak value. While the reason was not de- 
termined, it is believed that this is due, at least in part, 
to the noticeably greater difficulty in obtaining sound 
test bars in low-carbon Monel. 

The microstructures of the three heats varying from 
0.24 to 0.83 per cent carbon with 27.5 per cent copper 
are shown in Fig. 8 to 10. The first contains just a 
small amount of graphite and the latter a large amount. 
It is generally recommended that the total carbon be 
held at 0.15 to 0.20 per cent at a level of around 1.5 
per cent silicon. 

The effect of carbon on the high silicon compositions 
has not been as well established. Examinations of a 
series of induction furnace melts containing 4 per cent 
silicon, 30 per cent copper and 2 per cent iron showed 
the presence of 0.005 per cent graphitic carbon in test 
bars containing 0.04 and 0.08 per cent total carbon and 
0.05 per cent graphite in the heat having 0.13 per cent 
total carbon. In the latter, the graphite was locate i in 
the grain boundaries. This would suggest a practical 
solubility limit of about 0.08 per cent carbon in mod- 
erate sections and probably lower in heavier sections 
cooling at a slower rate. The properties desired in 
many commercial high silicon content castings can be 
met with a maximum of 0.15 per cent carbon; however 
in special cases where maximum strength and ductility 
are desired, the carbon should be kept to a minimum as 
indicated by the results on melts 33-36 in Table 1. 


PROPERTIES AND STRUCTURE OF Cast MONE 


Effect of Iron 


Increasing the iron content from 9.04 to 1.10 pe 
cent in regular 1.5 per cent silicon Monel has a mildh 
beneficial effect on the strength as shown by melts Nx 
1 and 2 in Table 2. There have been some observa 
tions that small additions of iron increase the fluidity 
Iron contents above the usual range of 1.5 to 2 pe: 
cent have no apparent beneficial effects. Melts 3 and 
4 made on a 28 per cent copper base showed the sam: 
properties for 1.5 and 5 per cent iron. 

At high silicon contents, iron has a more pronounced 
effect, due probably to a reduction in the solid solu 
bility of silicon. Melts 5 and 6 in Table 2 show that 
increasing the iron from 0.6 to 1.6 per cent at 4 pe! 
cent silicon causes a marked increase in strength. A 
further increase to 2 per cent had only a mild effect. 


Effect of Sulphur and Magnesium 


The deleterious effect of sulphur on the hot and cold 
ductility of nickel and Monel due to formation of low 
melting intergranular sulphides has long been known. 
Manganese has a certain neutralizing effect on sul- 
phur, but magnesium is usually added for this pur- 
pose. To demonstrate the effectiveness of the latter, 
induction furnace melts were made containing 0.05 
per cent sulphur and 0.10 per cent magnesium. The 
results in Table 3 show clearly the need for fixing the 
sulphur. 

In the absence of magnesium, sulphur will occur as 
copper and manganese sulphides. The latter are globu- 
lar in shape, while the copper sulphide is lighter blue 
in color and occurs as irregular shapes and as inter- 
granular film, such as shown in Fig. 11. These films 
invariably have a deleterious effect on the properties. 
When magnesium is added, the sulphides become 


TABLE 2.—EFFECT OF IRON 





Composition, per cent 





Fe Si Cc Ni 


Hardness, 


Bhn 


Tensile Yield Elongation 


Strength, psi Strength, psi % in 2 in. 





1.63 0.09 
1.60 0.09 


1.24 0.11 
(1.25) (0.15) 


4.04 0.05 
3.89 0.03 
3.84 0.08 


(64.5) 
63.4 


(69) 
(65) 


(64.8) 
(63.8) 
(63.3) 


40 
35 


40 
41 


72,150 
75,000 


72,200 
72,350 


123,750 
138,600 
139,200 


33,500 
37,000 
29,600 
31,000 


91,500 
103,000 
108,200 


4 
4 
5 





TABLE 3.—EFFECT OF SULPHUR ON MONEL 





Base Composition: 1.25% silicon, 0.5% manganese, 0.1% carbon, 
15% iron, 69% nickel, balance, copper * 





Ultimate 
Strength, psi 


Sulphur, 
or 


Magnesium, 


Ley 


/O oO 


Yield 


0.5% Extension, psi 


Hardness, 
Bhn 


Reduction of Area, 
% 


Elongation, 
oF 
o 





140 
108 
135 
137 


44 

4 
34 
36 


40 

4 
35 
35 


0.08 
0 
(0.1) 
(0.1) 


29,600 
30,000 
31,500 
28,650 


0.005 
0.053 
0.055 
0.089 


72,200 
31,500 
73,600 
71,250 


* Cast into Crown bars 
() added. Residual estimated to be 0.09% magnesium 
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Fig. 11—Cast Monel with 0.053% sulphur and zero mag- 
nesium, showing globular manganese sulphides and 
intergranular copper sulphides. Mag. 250X. 
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Fig. 13—Effect of lead on tensile properties of cast 
Monel. (Base melt: 69 Ni, 1.25 Si, 0.50 Mn, 1.5 Fe, Bal. 
Cu). 


globular in form, as shown in Fig. 12, and the films are 
eliminated. If sufficient magnesium is added, a con- 
siderable amount of sulphur can be tolerated as shown 
by the fourth melt in Table 3. 

Commercial Monel castings may contain from 0.005 
to 0.035 per cent sulphur. If the amount of residual 
magnesium is approximately equal to the sulphur, 
the latter will be taken care of adequately; however, 
in foundry production, it is customary to add 0.05 to 
0.10 per cent magnesium to provide for losses that 
may occur. 


Effect of Lead 


One of the most commonly encountered contaminat- 
ing elements and perhaps the most deleterious is lead. 
In a foundry melting a variety of non-ferrous alloys, 
lead may be encountered in a number of ways such as 
in return scrap, in furnace linings, crucible covers and 
crucibles previously used for leaded alloys. Once the 









Fig. 12—Cast Monel with 0.089% sulphur and 0.09% 
magnesium showing globular magnesium sulphides. 
Mag. 250X. 
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Fig. 14—Effect of lead and zirconium on tensile prop- 
erties of cast Monel at 800 F. (Base melt: 69 Ni, 1.25 Si, 
0.50 Mn, 1.5 Fe, Bal. Cu). 


detrimental effect of lead is known, however, the 
foundryman can take adequate precautions and avoid 
picking it up in his metal. 

The effect of lead on the tensile properties of cast 
Monel deoxidized with 0.02 per cent aluminum and 
0.1 per cent magnesium is shown in Fig. 13. It is evi- 
dent that small quantities of lead are quite damaging. 

Castings containing lead are not only weak, but are 
apt to crack in the mold due to hot shortness. The 
lead phase melts at about 620 F and then offers a ready 
path for failure. This effect is demonstrated well in 
Fig. 14 showing the short time tensile properties of 
leaded Monels at 800 F. As little as 0.005 per cent lead 











Fig. 15—Lead contaminated Monel; 0.17% Pb, 2.75% 
Si. Mag. 100X. 


decreases the elongation from 34 per cent to 19 per cent, 
while at 0.08 per cent lead the elongation is only 3 per 
cent. (In making these tests, the specimens were held at 
temperature for about 45 min and then pulled at the 
rate of 0.08 in. per min to the yield point and then 
0.22 in. per min to failure. The total pulling time 
was about 10 min. Temperature variations over the 
gage length were + 4 F.) 

The harmful effect of lead has been observed in 
numerous castings from different commercial produc- 
cers, yielding weak structural parts, and brittle valves 
and impellers. Lead occurs as nodules and intergranu- 
lar films around the dendrites, such as shown in Fig. 15. 
This photomicrograph was prepared from a split heat 
containing 2.75 per cent silicon. The first half of the 
lead-free melt was poured and then 0.17 per cent lead 
was stirred in and the balance poured. The respective 
structures are shown in Fig. 3 and 15. Lead not only 
produces intergranular films but also seems to decrease 
the solid solubility of silicon. Continuous films such 
as seen in Fig. 15 produce the coarse grain and ingot- 
ism often seen in the fractures of lead-contaminated 
material. Commercial valves of the leaded composi- 
tion just described exhibited serious hot cracking and 
the lack of pressure tightness. Lead contamination 
also impairs seriously the weldability of castings. 

It is not uncommon to find lead associated with a 
carbon content higher than the optimum. This com- 
bination is particularly detrimental to room tempera- 
ture properties because lead promotes formation of 
graphite films. An extreme case is shown in Fig. 16 for 
a casting having 0.43 per cent carbon and 0.72 per cent 
lead. Here the graphite occurs in a Widmanstatten 
type pattern. 

From these observations it is evident that for the 
successful production of Monel castings, lead must be 
kept to a very low level. 


Effect of Zirconium 


The presence of zirconium in cast Monel has a bene- 
ficial effect on some properties and is detrimental to 
others. It is particularly helpful in improving the 
elevated temperature properties as shown in Fig. 17. 





PROPERTIES AND STRUCTURE OF Cast MoNEL 
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Fig. 16—Cast Monel with 0.72% Pb, 0.43% C and 1.87 
% Si. Mag. 100X. 
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Fig. 17—Effect of zirconium on room and elevated tem- 
perature properties of cast Monel. (Base melt: 1.25 Si, 
28 Cu, 1.5 Fe, 0.25 C, 0.75 Mn and 0.05 Mg). 


About 0.25 per cent zirconium can be added to raise 
the tensile strength and elongation at 980 F to high 
levels without impairing the room temperature prop- 
erties. The microstructure of a heat containing 0.35 
per cent zirconium, shown in Fig. 18, contains a white 
carbide appearing phase that may be zirconium car- 
bide. 

Wise® has demonstrated that zirconium is useful in 
overcoming the harmful effect of lead particularly at 
elevated temperatures, as shown in Fig. 14. In reusing 
scrap it is sometimes impossible to eliminate all lead 
contamination. By the use of 0.25 to 0.35 per cent zir- 
conium a means is provided for utilizing such material. 
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Fig. 18—Cast Monel containing 0.35% Zr. Etched with 
50/50 mixture of 10% solutions of ammonium persul- 
phate and sodium cyanide. Mag. 250X. (Base melt: 
1.25% Si, 28% Cu). 


Zirconium also tends to improve soundness and pres- 


sure tightness. 

When using zirconium, one does need to take into 
consideration that it makes machining more difficult 
and has a deleterious effect on weldability. 


Effect of Boron 


Boron is an impurity that may find its way into the 
melt through the reduction of borax and boric acid 
contained in fluxes. In one case history, a great amount 
of trouble was encountered until it was discovered that 
boron was harmful. It was found that as little as 0.02 
per cent boron reduced from a flux would produce a 
dark fracture with lowered strength and ductility. In- 
duction furnace melts with deliberate additions of 0.02 
per cent boron showed the strength to be reduced 
about 10 per cent and the ductility 50 per cent. 

Boron imparts a characteristic microstructure to cast 
Monel of the type shown in Fig. 19. A thin white phase 
frequently in a zig-zag pattern is located in the grain 
boundaries, and sometimes graphite may occur along 
with it. While the identity of this constituent is not 
known, it is believed to be a complex boron carbide, 
possibly containing nickel or other metallic elements. 

In contrast to the room temperature properties, 
boron has an admirable effect upon the elevated tem- 
perature properties. At 1000 F the benefit of boron is 
very pronounced. Regular cast 1.5 per cent silicon 
Monels will have about 30,000 psi ultimate and 3 to 
10 per cent elongation. With 0.01 per cent boron they 
will have an ultimate of some 50,000 psi and an elonga- 
tion of 28 per cent. Boron is also effective in reducing 
the detrimental effects of lead at elevated tempera- 
tures; however, of the two elements, zirconium is more 
efficacious than boron for improving the properties of 
cast Monel. 


Conclusions 


1. Through control of the silicon content, a wide 
range of properties are available in the cast Monel com- 
position. The tensile strength ranges from 75,000 to 
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Fig. 19—Cast Monel containing 0.01% B, 0.26% C and 
1.25% Si. Etched with 50/50 mixture of 10% solutions 
of ammonium persulphate and sodium cyanide. Mag. 
250X. 


150,000 psi between 1.5 and 4 per cent silicon with 
elongation of 40 to 5 per cent and hardness of 120 to 
340 Brinell. 

2. The high strength in 4 per cent silicon Monel is 
caused by precipitation hardening by silicon during 
cooling of the castings in the mold. 

3. Commercial castings normally contain 30 to 32 
per cent copper. A decrease in the copper content re- 
sults in decreased hardening at a given silicon level due 
to the increase in the solid solubility of silicon making 
less available for age hardening. 

4. The carbon content should be controlled to avoid 
the formation of free graphite, which lowers the prop- 
erties. In 1.5 per cent silicon Monel castings, the car- 
bon should be held between 0.15 to 0.20 per cent and 
at 4 per cent silicon a maximum of 0.15 per cent car- 
bon is desired with lower levels preferable. 

5. Sufficient magnesium should be added to fix all 
the sulphur. In general, a small excess of magnesium 
over the sulphur content is desired. 

6. Melting practice has an important effect on the 
quality of the castings obtained. Oxidation treatment 
has been found preferable to melting under “over re- 
duced” conditions. Deoxidation with 0.1 per cent mag- 
nesium and 0.05 per cent titanium has given good 
results. 

7. Lead has a detrimental effect on the properties, 
causes hot cracking in castings and should be held to 
a low content. 

8. Zirconium additions improve the elevated tem- 
perature properties of cast Monel and overcome some 
of the detrimental effects of lead. 

9. Boron contamination causes a reduction in the 
room temperature ductility, although it does have a 
beneficial effect on the tensile properties at 800 to 
1000 F. 
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DISCUSSION 


Chairman: A. K. Hiceins, Allis-Chalmers Mfg. Co., Milwaukee 

Co-Chairman: H. F. Taytor, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

M. G. Dieti:* Did Mr. Eash find it necessary to melt monel 
with or without a slag in his induction furnace? If he used a 
slag, did he have to control the power input to be sure so as not 
to break that slag and expose the metal to the air? 

Mr. EAsH: When melting in the induction furnace, we ordi- 
narily do not use a slag, but leave the metal exposed to the air. 

D. Tamor:* I noticed that in your production furnace you 
had a basic lining. Why did you not have an acid lining? Was 
it because of possible silicon pickup? 

Mr. EAsH: We ordinarily use a basic lining when melting 
nickel and nickel alloys because of the refining action that is 
obtained with the basic linings and basic slags. It helps keep 
down the sulphur. 

Mr. TAMor: The reason I asked the question is because we 
melted copper in an acid lining apparently without any ill 
effects. 

Mr, EAsH: In melting copper an acid lining will give satis- 
factory results. 

Mr. Diet: Did you find it necessary to be careful of the tur- 
bulence of the metal in the induction furnace? In other words, 
if the power you put in is too high, the metal in the induction 
furnace will boil very rapidly, exposing too much metal to the 
atmosphere and causing oxidation. Did you have to cut the 
power down on that account? 

Mr. EAsH: The induction furnace that we have does not 
produce a violent boil. It has a very high frequency and the 
surface is quiet. There are some induction furnaces that operate 
at a lower frequency and produce a very turbulent surface. 
Under this condition greater care would need be exercised and 
the control you mention would need to be applied. 

Mr. DietL: This question is slightly out of order, but pending 
the production of pure nickel castings, would you raise the car- 
bon content of the alloy to around 50 points and still maintain 
a very ductile metal? 

Mr. EAsu: Yes, in the production of regular nickel castings, 
a minimum of about 0.50 per cent carbon is usually maintained 
along with around 114 per cent silicon, about 0.5 per cent man- 
ganese and 0.25 per cent iron. A composition of this type will 
have around 50,000 to 60,000 psi tensile strength and 25 per cent 
elongation. 

T. C. Jesrer:* We have occasion to melt monel in conjunction 
with stainless steel and even though we use a wash heat we 
occasionally get chrome pickup. Do you have any information 
on the effect of percentage of chromium on the properties of 
cast monel? 


1 Nonferrous Metallurgist, Crane Co, Chicago 
2 Chief Metallurgist, American Chain, Reading, Pa. 
8 Plant Metallurgist, Darling Valve & Mfg. Co., Williamsport, Pa. 





PROPERTIES AND STRUCTURE OF Cast Mony 


Mr. EAsu: We have found that heats containing 0.3 per ce: 
carbon and 0.5 per cent chromium will possess normal prope: 
ties, but when about 2 per cent chromium was added to a me 
with 0.3 per cent carbon, we did get lower ductility. With a lo\ 
carbon content, it is doubtful if this amount of chromium woul 
be harmful. 

Mr. Jester: By what amount does that lower the ductility? 

Mr. EasH: Normally the elongation would be about 35 px 
cent, but in the heat referred to containing 2 per cent chromiun 
the elongation was 20 per cent. 

Mr. Jester: The author referred to iron contamination up t 
2 per cent. Do you have any figures as to what happens to th 
ductility when the iron goes above 2 per cent? 

Mr. Easu: In ordinary cast monel containing 1.5 per cen 
silicon, an iron content up to 5 per cent has no effect on th: 
ductility. 

G. P. HALLIWELL:* Please summarize the effects of lead anc 
zirconium at normal and at elevated temperatures. 

Mr. EasH: Lead is moderately detrimental to the room tem 
perature properties of cast monel and it has a very harmful 
effect on the elevated temperature properties. Small amounts of 
zirconium have a negligible effect on the room temperature 
properties but a very beneficial effect on the strength and ductil 
ity at elevated temperatures. In lead-contaminated monel, zir 
conium acts to overcome the detrimental effect of the former. 
For example, cast monel containing 0.05 per cent lead will have 
a tensile strength of 28,000 psi at 800 F, but with the addition of 
0.25 per cent zirconium, the strength is raised to 48,000 psi. 

Boron also has a beneficial effect on the elevated temperature 
properties; but, it reduces the ductility at room temperature. 
Regular cast monel at 1000 F will have a strength of about 
30,000 psi and an elongation of 5 per cent. With the addition 
of 0.02 per cent boron, these values become 50,000 psi and 23 
per cent respectively. At room temperature, 0.02 per cent boron 
causes a decrease in the ultimate strength from 80,000 psi to 
66,000 psi and a change in the elongation from 38 per cent to 
22 per cent. 

Mr. HALLIwELL: Can you explain what happens in the struc- 
ture between the normal temperature and the elevated tempera- 
ture as far as the boron is concerned? 

Mr. EAsH: At room temperature the boron decreases the 
ductility because of an intergranular phase which we think is a 
complex boron carbide. At the elevated temperature apparently 
this phase is not harmful. Considering the above property 
values, the strength of the boron-containing alloy is not higher 
at 1000 F than it is at room temperature, but it does not de- 
crease to the same extent as the boron-free metal does with in- 
crease in temperature. Consequently, the boron-containing 
monel is inferior to regular monel at room temperature but 
superior at 1000 F. 

MemMBeER: Do you use 2 per cent nickel oxide in your basic 
heats only? 

Mr. Easn: We have used the nickel oxide on both the induc- 
tion furnace melts and also in the heats made in the basic-lined 
arc furnace. 

MemBeER: Did you obtain a vigorous boil in the induction 
furnace? 

Mr. EasH: No, not like you do in the arc furnace. 

Memper: Could you use nickel oxide in monel as you use 
copper oxide in a red brass? 

Mr. Easu: Yes, it is the same principle. 

Member: That is for the purpose of decreasing solubility of 
hydrogen and other gases that might be present. 

Mr. Easu: That is right. 

CHAIRMAN Hiccins: I would like to have Mr. Eash outline the 
proper way of melting ordinary compositions of monel. 

Mr. EAsH: In making a heat of cast monel, melt down the 
copper, nickel and iron along with charcoal or graphite elec- 
trodes to give about 25 points of carbon under a limestone slag. 
After it is molten, add enough nickel oxide to get a boil and 
bring the carbon down to about 0.15 per cent and then take a 
spoon sample. Deoxidize the spoon sample with a little alumi- 
num or magnesium and a pinch of titanium. If the spoon 
sample sets without any rise then assume that the heat is ready 
to proceed. If not, boil it some more with nickel oxide and 
then repeat the spocn test. When the spoon sample is quiet and 
sets properly, add silico-manganese to give 0.75 per cent man- 
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ganese and when the pouring temperature is reached, add 0.10 
per cent magnesium in the furnace and then tap out the metal 
into a ladle which has enough silicon to bring the metal to the 
desired level. At the same time add a little silicon-titanium to 
give about 0.05 per cent titanium. 

A. C. Myers:® Is there any precipitation of graphite in 
pure nickel castings when the carbon and silicon content is 0.50 
per cent and 1.50 per cent respectively? If so, approximately 
how much graphite is formed? 

If not, how high does the carbon content have to be (silicon 
1.50 per cent) before there is graphite precipitation? What is 
considered a desirable graphitic carbon content of nickel cast- 
ings for valve parts, such as seats and discs to prevent seizing 
and galling? 

Mr. EAsH: Cast nickel with 1.50 per cent silicon and 0.50 per 
cent carbon will contain about 0.4 per cent graphite. Graphitic 
nickel castings can be made containing around | to 2 per cent 
carbon, 114 to 2 per cent silicon and 114 per cent manganese 
and these after being melted and deoxidized with magnesium 
will have a tensile strength of 50,000 to 60,000 psi and about 20 
to 25 per cent elongation. This high carbon nickel is quite satis- 
factory in respect to anti-galling properties. 

Mr. Myers: You state that “nickel will retain 514 per 
cent silicon in solution.” Do you have data showing physical 
properties (including hardness) of nickel at this 514 per cent 
silicon level as compared with the conventional 114 per cent 
silicon content of nickel castings? This question of higher hard- 
ness in nickel castings arises now and then in connection with 
erosion resistance. 

Mr. Easu: Nickel castings with about 114 per cent silicon 
will have a Brinell hardness of around 100. With 514 per cent 
silicon, the hardness will be 150 Bhn, with 614 per cent silicon, 
it will be 200 Bhn and at 714 per cent silicon we have obtained 
350 Bhn. Whereas the tensile strength of a regular nickel cast- 
ing will be about 55,000 psi with 714 per cent silicon it will be 
80,000 to 100,000 psi, but the ductility is quite low. 

Mr. Drett: Reference was made in the paper to melting 
under a limestone slag. Have you had success in producing good 
monel test bars and castings by using ordinary bottle glass as a 
slag? 

MR. EasH: I do not recall that we have used that method; 
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however, cast monel has been made commercially using that 
practice. 

Mr. Diett: Hydrogen is detrimental to monel because of its 
solubility in molten monel. Are there any other gases which 
might be detrimental for this reason? 

Mr. EasH: I believe Mr. Ames of the Brooklyn Naval Yard 
found that nitrogen may cause trouble in certain cases. 

B. N. AMEs:* We have found that under certain melting con- 
ditions nitrogen can cause gas porosity in monel metal. Data 
pertaining to our investigation of this and other gas absorption 
phenomena in cast monel has been published in 1947 A.F.S. 
Transactions, (“Gas Absorption Phenomena and Degasifica- 
tions of Cast Monel,” pp. 558-573). However, briefly, we found 
that in melting nickel-base alloys in an indirect-arc furnace 
ionization of.the furnace atmosphere will increase the solubility 
rate of certain gases and can cause nitrogen porosity. When 
melting nickel-base alloys under these conditions, we recommend 
the utilization of titanium, zirconium or lithium as deoxidizers 
in order to minimize the detrimental effects of nitrogen porosity. 

Mr. EAsH: We have not encountered trouble in induction fur- 
nace melting that would be attributed to nitrogen. 

Mr. Ames: In all probability the possibility of nitrogen 
porosity as a result of induction melting is not serious. We have 
not had experience with the direct-arc melting of monel. How- 
ever, we do believe that nitrogen absorption from the furnace 
atmosphere during melting is a function of the degree of ioniza- 
tion of this atmosphere. 

Mr. EasH: We have also bubbled hydrogen into molten 
monel in the induction furnace and it came out quite satisfac- 
tory. Apparently, for hydrogen to be harmful, it must be in 
the atomic state such as exists with the decomposition of water 
vapor in a melt. 

In this presentation of our experiences encountered in the 
production of cast monel our discussion has centered around 
electric furnace melting. It should be pointed out that many 
tons of monel castings have been produced from oil- or gas- 
fired crucible furnaces and satisfactory results obtained with 
them. Specific details of handling will vary somewhat from elec- 
tric furnace melting, but the basic effects of deoxidation and 
composition are common to both types of melting. 


®Senior Metallurgist, New York Naval Shipyard, Brooklyn. 





MAINTENANCE OF WOOD AND METAL PATTERNS 


By 


A. Huebner * 


KEEPING PATTERN EQUIPMENT IN PROPER REPAIR 
for the foundry is a never ending problem and one 
which is open to much discussion. On production 
equipment it is generally agreed that the expense of 
keeping equipment in first class condition is money 
well spent and is an absolute necessity if the foundry is 
to run efficiently and with minimum of scrap. How- 
ever, the majority of wood patterns are not full produc- 
tion patterns and very often are used only several 
times each year or in the case of patterns for special 
machinery, some are in storage for years before an- 
other casting is made. It is on this type of equipment 
that the pattern repair cost very often is more than the 
foundry receives for making the casting. 

As the purchaser of the casting has a pattern he 
naturally feels there should be no pattern cost in- 
volved, but as the foundry cannot make good castings 
without excessive foundry costs unless patterns are in 
good shape it is necessary to repair these patterns be- 
fore using. 

While few patternmakers like repair work much in- 
formation on the proper methods of construction and 
the materials used can be of great value when con- 
structing new equipment. During the last war many 
patterns were made of wood that in normal times 
would have been made of metal and one of these jobs 
in the author’s plant was a real problem. Approxi- 
mately 5,000 castings were needed of two sizes to be 
built and the foundry schedule was 40 castings per 
day. 

The two castings were designed so that most of the 
cores were interchangeable as the only difference was 
in the length. One was 72 in. long, the other, 60 in. 
long by 34 in. wide and 36 in. high. Due to the casting 
requirements it was decided to build two patterns of 
each size and use two of one size and one of the other 
each day for two shifts. This would leave one pattern 
free every four days for any repairing needed. Great 
care was taken in constructing these patterns, as they 
were to be used under a slinger. The heads were built 
of pine nailed, screwed and glued and shellaced before 
setting up. It was then sheated with cherry. Flanges 
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and edges were metal lined and, due to the design, no 
rapping plates were put in as the walls were all tapered 
to simplify molding. Three draw straps were put in 
each pattern and the molders used long chains when 
drawing the patterns. After tightening the chains the 
molders shook them and no trouble was encountered 
in drawing the patterns. This method saved many 
hours of work as the cope side was not damaged by 
rapping as is usually the case when loose patterns are 
rapped before drawing. 

After the patterns were in use it was soon apparent 
that one more pattern of each size was required as the 
amount of repairing required could not be finished in 
the one day each pattern was not in use. These pat- 
terns were constructed the same as the first except that 
mahogany was used for sheating. The reason for the 
change from cherry to mahogany was to get a surface 
that could be planed by hand more easily as the 
sheating on the first set of patterns was warping and 
swelling due to the foundry using a liquid and the 
sides of the patterns had to be planed smooth to get a 
good draw. Another difficulty encountered on the 
original patterns on which all rounded corners were 
wood was that the sand slinger cut into the wood. 
Temporary repairs were made on the first patterns with 
¥,-in. thick sheet copper which could be easily bent 
over the corners and nailed with flat head nails. This 
was successful as the copper drew from the mold well 
and while it dented in places it did not wear through. 
When the last two patterns were made all round cor- 
ners were made of aluminum and as the old patterns 
became available they also were changed. At the pat- 
terns were returned to the pattern shop for repairs, it 
was found that the patterns were swelling in width 
and height. As the width of the casting was not too 
important the sides were left oversize, but the height 
had to be corrected. This was done by removing the 
sheating on the cope side and running the boards 
through the planer. The rest of the surface was cut 
down with an electric router. 

After the casting order was completed, it was found 
that the sheating on the cope side that had been 114 
in. thick when it was made was 14. in. thick due to 


it being cut down as the pattern swelled. 
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The coreboxes on this equipment presented no un- 
usual problems and normal repairing and shellacing 
was all that was necessary. The patternmakers who 
had to repair these patterns did not like the work but 
it certainly taught all of us many things about con- 
struction and materials used in the short time the 
pattern equipment was in use. 

Among the materials used for repairing dents and 
small holes in wood patterns, the various wood form- 
ing plastics are probably the most well known and if 
properly applied, give satisfactory results. As lacquer 
thinners are also a solvent for wood forming plastics, 
it is advisable to use shellac for the first coat when the 
pattern is to be lacquered or the lacquer may soften 
the plastic and cause roughness. While sharp corners 
can be built up with this material any corner which is 
rounded due to handling or ramming will not stand 
up under use. 

Another product in wide use is water putty. While 
this is among the easiest to apply it is more brittle and 
does not adhere as well as some of the other materials 
used. Quite often it chips out and stays in the mold, 
making extra work for the molder. If any foreign 
material is left in the mold it always creates another 
hazard. 

Wax has been used successfully for many years for 
repairing small holes and unless lacquer is used for 
coating it is usually satisfactory. If lacquer is used 
over wax it is necessary to use shellac for a sealing 
coat before using lacquer as lacquer will not dry on 
wax. 


Pattern Storage 


The proper handling and storing of patterns is the 
best method of eliminating pattern repairs. More dam- 
age is done by improper piling and careless handling 
in the foundries and pattern sterages than is done by 
using the equipment. Storing patterns outside on the 
ground even though they are covered will soon cause 
swelling which will result in a pattern not fit for use. 

Another reason for much repair work is the improper 
rapping and drawing of patterns. On many patterns 
that require repairing on the cope side due to rapping 
and drawing the rapping plates show no signs of wear. 

Maintenance of metal pattern equipment presents a 
different problem as most of the repairs needed are 
usually caused by normal wear. In many cases it has 
been found that portions of patterns and boxes which 
will need replacing can be constructed so that sections 
can be replaced with minimum expense. The steel in- 
serts under blowholes in coreboxes used on core blow- 
ers is one example of this practice. The lining of the 
tops of coreboxes with steel when they are made also 
will save much time when they require repairing as 
no time is spent checking the entire box to establish 
the correct height. 

While plastic solder can be used for temporary re- 
pairs production patterns usually are subjected to se- 
vere abrasive action of the sand slinger or jolting of 
molding machines that only the best method of re- 
pairing will give satisfactory service and will be the 
most economical over a long period of time. 

As pattern equipment is the most important tool 
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used in the foundry it should also be kept in mind that 
it is an expensive tool. The fact that a foundry does 
not pay for patterns or pattern repairs does not mean 
that these costs are not included when the purchaser 
figures the cost of castings and unless the personnel 
handling and using pattern equipment is trained to 
use it as an expensive tool the foundry industry can- 
not hope to keep pace with their competitors in the 
various industries. 


DISCUSSION 


Chairman: A. F. Preirrer, Allis-Chalmers Mfg. Co., Milwau- 
kee. 

Co-Chairmen: H. K. Swanson, Swanson Pattern & Model 
Works, East Chicago, Ind. 

MemMBeER: Is pattern maintenance or repair charged to a spe- 
cific casting order or is it charged to overhead of the foundry? 

CHAIRMAN PFEIFFER: Pattern maintenance and repair is not 
charged directly to a specific casting order. It is charged to the 
foundry burden account. 

Patterns mutilated in handling after they are drawn from the 
foundry are charged to the pattern shop. That is the way it is 
handled in our shop. 

We have a special fund to cover depreciation of patterns. 
When we have to replace pattern equipment from natural wear 
and tear, we issue a special order and absorb replacement costs 
through the different departments. 

V. J. SEepton:* It is necessary for the patternmaker to edu- 
cate the purchaser of patterns of the many ways a pattern can 
be made and advise him in selecting the most practical equip- 
ment commensurate with his casting requirements. It should be 
the responsibility of the patternmaker to educate these pur- 
chasing agents. He should get them to the monthly Chapter 
meetings. We had a meeting of such a nature in Cleveland and 
many patternmakers invited their customers to this meeting. 
The purchasing agents benefited and learned much about pat- 
terns and pattern equipment. Tell the purchasing agent why 
you recommend certain types of equipment and point out what 
values there may be in your recommendation. 

CHAIRMAN PFEIFFER: Proper storage of patterns is extremely 
important. It is necessary to train men to take care of patterns 
and know the value of them. We train them to store these pat- 
terns correctly and in a designated space. 

Mr. SEDLON: The paper stated that the reason for changing 
from cherry to mahogany was to get a surface that could be 
planed by hand more easily. It seems that years ago cherry was 
used a great deal more than it is today. 

IvAN Morrow:* The writer stated that he uses steel for 
capping off coreboxes. We find that in our territory we used 
more 14g or 1%-in. brass. It is a lot easier, much faster to work 
with and apparently does just as good a job. You can put seg- 
ments on coreboxes and turn in a wood lathe with your own 
wood turning tool. Saw the segment, screw to pattern or core- 
boxes and turn it. We find it is much easier to sand if you want 
to sand it on your sanders. It saves much time and apparently 
it lasts just as long. We have had very good success with it. 

Mr. SeDLON: Brass works out very well. I think brass is used 
quite extensively in the industry particularly on wood patterns. 
In the middle east, around Cleveland the Detroit, I think most 
shops are using steel in preference to brass. 

V. C. Rem:* I believe the reason that you will find wood pat- 
ternmakers using brass facing in place of steel is due to the fact 
that the brass would be much easier for them to work with, and 
also because they might be able to use some of their wood work- 
ing machinery for cutting out the brass. 

Mr. SeDLON: Do you think that there is more brass being used 
on wood coreboxes than steel? 

Mr. Rew: Brass is more extensively used. 

CHAIRMAN PFEIFFER: We have installed recently a small weld- 
ing machine for welding of metal pattern equipment. It seems 
to work out successfully in welding dryers and pieces of core 
boxes that are broken or gears off of match plates and things of 
that sort. 

Mr. Rew: Welding is common practice. We get many broken 
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coreboxes. We frequently aluminum weld many of our core- 
boxes and patterns. 

MEMBER: Do you know whether anyone is using zinc on pat- 
terns? 

H. A. Erse:* We went into that quite extensively, spraying 
zinc on pine wood and it was successful to a point. We finally 
broke it down at about 40 castings under the slinger. These 
were large castings. After that the spray itself did not fail, but 
the wood under it failed causing the bond to break and become 
springy and peel off in sections. We still have some patterns in 
production. In fact, I have one in the shop now that was 
sprayed about two years and has run off under slinger produc- 
tion. That bond is now starting to fail. We have since stopped 
it. We are not using the spray method anymore. It will stand up 
better under hardwood, such as hard maple. But that is such 
an expensive operation that the maple itself will stand just 
about as good with a suitable coating as after it was sprayed. 
However, metal sprayed on hard maple will stand up very suc- 
cessfully but the operation is too expensive to warrant the job 
being done. 

J. W. CosretLo:* We experimented to a limited extent with 
spraying of wood patterns but with little success. I have seen 
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some of the patterns Mr. Erbe was talking about. These pat 
terns had been used considerably but they showed no seriou 
signs of wear. However, there was slight evidence of metal de 
terioration on all patterns I examined. It seems that this wea: 
and tear was caused by constant use under the sand slinger. Ou: 
experiments at American Hoist & Derrick Co., were not con- 
ducted on a large scale. However we obtained similar results 
Therefore we were reluctant to continue the process. 

A. H. Trapp:* We tried metallizing some years ago. First w: 
tried it on ordinary pieces of wood. The metal adhered firm], 
to the wood. Then we tried it on some of our old patterns 
Naturally these wood patterns had absorbed oil and kerosene 
in them. We were unable to get a good bond between the wood 
and the sprayed metal. Our experience with metal spraying of 
patterns and core boxes has been most disappointing. 

Mr. SEDLON: We were told by the metallizing people that the 
spray would adhere to aluminum and that if an undercut was 
made by a patternmaker it could be built up and then re 
machined and we would find it a very satisfactory material. We 
found it to be very porous and it had a tendency to peel away 
from the original metal. So it was not a satisfactory means of 
soldering or building up a pattern from our experience. 


5 American Hoist & Derrick Co., St. Paul, Minn. 
® Minneapolis-Moline Co., Minneapolis 





INFLUENCE OF SILICON CONTENT ON 
CRITICAL TEMPERATURE RANGE DURING SLOW 
COOLING OF BLACK-HEART MALLEABLE IRON 


By 


Jj. E. Rehder * 


ABSTRACT 


A series of white cast iron bars were made up from a pig iron 
and steel charge, whose carbon content was approximately 2.55 
per cent and whose silicon content varied from 0.76 to 1.57 per 
cent. After completion of first stage annealing, the upper and 
lower limits of the critical temperature range during cooling at 
7 deg F per hr were determined. It is shown that the upper 
limit rises uniformly as silicon content increases, and that the 
lower limit rises in a slower, less regular manner. Austenite, 
ferrite and graphite co-exist within the range in apparent equi- 
librium. The iron-carbon-silicon diagram at 2 per cent silicon 
as published by Greiner, Marsh and Stoughton would seem to 
be more accurate in concept than that published more recently 
by Boyles. Practical applications of the results obtained in the 
present work are discussed. 


IT IS WELL KNOWN that during the cooling of 
iron-carbon-silicon alloys, such as black-heart malleable 
iron and gray cast iron, from temperatures where the 
matrix, structure is entirely austenitic, the austenite 
changes to ferrite over a range of temperature, rather 
than at a single temperature point as do hypereutectoid 
carbon steels. This action is due to the presence of 
silicon and there is some disagreement in the literature 
as to the actual temperature ranges concerned, the ac- 
tual process occurring, and the quantitative effect of 
silicon on these. In the annealing of black-heart mal- 
leable iron commercially, very slow cooling through 
this critical temperature range is depended upon for 
the graphitization of dissolved combined carbon, which 
if undecomposed would form pearlite with resultant 
poor ductility and machinability, and the metallurgy 
of the process is therefore of considerable practical 
interest. It is the object of the work described in this 
paper to investigate the structural changes taking place 
in the critical temperature range, the temperatures in- 
volved, and their dependence on silicon content. The 
chemical compositions of the irons used and the rates 
of cooling through the critical range closely approxi- 
mate commercial practices. 


* Foundry Engineer, Physical Metallurgy Research Labora- 
tories, Division of Mineral Dressing and Metallurgy, Bureau of 
Mines, Ottawa. 
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Previous Work 


In the literature there have been, from time to time, 
reports of measurement of a definite critical tempera- 
ture on cooling for iron-carbon-silicon alloys in the 
range of chemical compositions of commercial black- 
heart malleable iron. An example is the work of Hayes, 
Flanders, and Moore,' who determined a thermal ar- 
rest on cooling whose position depended on the rate 
of cooling. By extrapolation of a straight line through 
the cooling rate versus critical temperature points ob- 
tained, it was concluded that the equilibrium critical 
temperature on cooling at zero rate was 1398 F. How- 
ever, the slowest cooling rate used was 60 F per hr, 
which is much faster than used commercially in an- 
nealing malleable iron and which is too rapid to per- 
mit phase changes to take place at equilibrium tem- 
peratures due to the retarding effect of silicon on rates 
of phase change. Their extrapolation is therefore con- 
sidered of little value. In the present work no further 
reference will be made to thermal studies made at such 
rapid rates of fall of temperature. 

In 1933 Greiner, Marsh and Stoughton? summarized 
the results of work up to that time on the effects of 
silicon content on the critical points of iron-carbon- 
silicon alloys, and constructed a proposed iron-carbon- 
silicon equilibrium diagram. The diagram was drawn 
as sections of the ternary solid on planes of constant 
silicon content, in effect providing a series of iron- 
carbon equilibrium diagrams at different silicon con- 
tents. The section at 2 per cent silicon has been widely 
referred to in published work on gray cast iron. 

A critical temperature range, rather than a definite 
critical temperature as for plain carbon hypereutectoid 
alloys is shown to exist when silicon is present, and 
the span of the range widens and rises as carbon and 
silicon contents increase. In Table | are given data 
taken from two of the constant silicon sections at 2.50 
to 2.60 per cent carbon. 


TABLE 1—CritricAL TEMPERATURE RANGES FROM 
GREINER ET AL 





Silicon, per cent 2.0 3.8 
Upper Limit of Range, F 1463 1670 
Lower Limit of Range, F 1427 1553 
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This field on the diagrams is marked as being com- 
posed of alpha iron, gamma iron, and carbide, and is 
called the “pearlite interval.’”” However, this is ob- 
viously a misnomer, as under equilibrium conditions 
carbide cannot exist in iron-carbon-silicon alloys hav- 
ing this range of compositions, and the term “carbide” 
should be replaced by “graphite.” 

In 1936 Schwartz’ gave a description of the metal- 
lography of the critical temperature range during slow 
cooling of malleable iron. It was shown that as samples 
of iron after first stage graphitization (decomposition 
of primary or eutectic carbide), are held at various 
temperatures from 1418 F to 1346 F, the percentage of 
ferrite observable metallographically increases as the 
holding temperature decreases, with: the amount of 
solid solution (austenite) decreasing proportionately. 
{t was noted that pearlite appeared between 1364 and 
1346 F, but the temperature of appearance was not 
detected more closely. Unfortunately, Schwartz gave 
little data on chemical compositions of the samples 
used, and no special care was taken that the tempera- 
tures reported be those of the specimens, so the results 
must be considered as semi-quantitative. 

Boegehold* described an extended series of experi- 
ments on commercial malleable iron of several as-cast 
section thicknesses. Various cooling rates through the 
critical temperature range were used, the lowest being 
6 deg F per hr. The iron was of practically uniform 
composition, containing 2.70 to 2.75 per cent carbon 
and 1.15 to 1.20 per cent silicon. Samples were taken 
from the furnace at intervals during slow cooling and 
examined metallographically. In one experiment, af- 
ter completion of first stage annealing the temperature 
was lowered to 1400 F at 150 deg F per hr and thence 
at 7 deg F per hr. The first ferrite appeared at 1400 F 
and the last austenite (or its transformation product) 
disappeared at 1310 F. By cooling at 15 and at 3 deg 
F per hr and determining the temperature at which 
pearlite appeared, the temperature of pearlite forma- 
tion was estimated as 1321 F at 7 deg F per hr and 
1328 F at 0 deg F per hr cooling rate. 

Conclusions drawn by Boegehold which are appli- 
cable here are as follows: 

“5. Complete elimination of pearlite in second stage 
annealing may be accomplished at 1360 F. 

9. Second stage graphitization apparently is not in- 
fluenced by size and distribution of carbide eutectic 
and austenite areas in the cast structure. The rate of 
pearlite decomposition proceeds at the same rate in 
light and heavy section. 

10. Evidence is shown supporting the theory that 
graphitization proceeds most rapidly from solid solu- 
tion and that temper carbon precipitates directly from 
solid solution without migrating through ferrite.” 

No description is given of the apparatus used, or of 
the technique of removing and quenching samples, 
and there is no estimate given of the accuracy of the 
temperature determinations, so that it is difficult to 
estimate the net experimental error. 

Boyles® investigated the critical temperature range 
of two gray cast irons in some detail, and concluded 
that the temperature of first appearance of ferrite was 
1550 F, and of the last appearance of austenite was 
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1450 F. The iron composition was approximately 3.() 
per cent carbon and 2.3 per cent silicon, and Boyles 
drew a modification of the diagram of Greiner, Marsh 
and Stoughton at 2 per cent silicon that showed no 
change in the temperature limits of the critical rang« 
as carbon content changed. This assumption seems 
extensive, since Boyles’ work was at 3 per cent carbon 
only. 


Experimental Method 


Briefly, the experimental method used in the present 
work was to make a series of white cast iron bars ol 
increasing silicon contents, but otherwise uniform, and 
to carry each set of bars of constant silicon content 
through first stage annealing and subsequent slow 
cooling through the critical temperature range. Dur- 
ing slow cooling, samples were quenched from the 
furnace at regular temperature intervals and the mi- 
crostructures examined for presence of ferrite, marten- 
site (austenite before quenching) and pearlite. Tem- 
peratures of start and finish of the austenite to ferrite 
reaction were thus obtained, and the effect of silicon 
content found. 

A 45-lb base melt of white cast iron was melted in a 
basic lined induction furnace, and poured into 1-in. 
diam bars in green sand molds. The raw materials were 
60 per cent of malleable grade pig iron, 40 per cent of 
steel scrap, and a few grams of sulphur. The resulting 
bars were cleaned, analyzed chemically, and broken 
for use in a smaller furnace. Remelts of this material 
were made in a 5-lb capacity, acid lined induction 
furnace, with increasing additions of 50 per cent -fer- 
rosilicon to produce melts with increasing silicon con- 
tent. Additions were made during melt down to mini- 
mize inoculation effects. Each melt was superheated to 
2822 F, measured with an immersion thermocouple, 
and poured immediately into 34 by 34 by 7-in. bars in 
dry sand molds. Melting and pouring conditions were 
kept as uniform as possible throughout the series of 
melts. The results of chemical analysis of the base 
melt and remelts are given in Table 2. The bars ob- 
tained were cut into 3% by 4 by 3/-in. sections by an 
abrasive cut-off wheel well supplied with coolant. 


TasBLE 2—CHEMICAL ANALYSES OF MELTs 





Element, per cent Base 5 6 7 8 





Total Carbon 2.65 2.55 2.55 2.55 2.48 
Silicon 0.76 1.00 1.10 1.37 1.57 
Manganese 0.45 0.43 0.43 0.43 0.42 
Sulphur 0.16 0.163 0.164 0.165 0.163 
Phosphorus 0.09 0.092 0.094 0.093 0.092 
Chromium 0.03 0.026 0.023 0.029 0.026 





The time necessary for completion of first stage an- 
nealing for each set of bars was determined by the 
technique previously described by the present author.® 

To investigate the critical temperature range during 
cooling, sections of a sample bar were placed in an 
electric muffle furnace and given first stage annealing 
at 1750 F for the time determined as above, plus 20 
per cent. The temperature was then lowered to 1450 
F at 14 to 16 deg F per hr, and from 1450 F at 7 deg 
F per hr. Samples were taken from the furnace at 10- 
deg intervals from 1450 F down, quenched in brine, 
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sectioned across the center, polished, etched and ex- 
amined under the microscope. 

The rate of temperature fall in the furnace was con- 
trolled by a chromel-alumel thermocouple actuating 
a cam-type air-electric temperature controller and re- 
corder. Actual temperature of extraction of samples 
was determined by a calibrated platinum, platinum- 
rhodium thermocouple and a precision potentiometer. 
The samples were arranged in a small group around 
the two thermocouples, occupying about 20 per cent of 
the area of the hearth, and exploration with the plati- 
num thermocouple showed the maximum variation of 
temperature with position to be + 3 deg F. The control 
action of the temperature controller permitted a cycle 
of + 3 deg F. The removal of samples from the furn- 
ace was accomplished by use of a long pair of pre- 
heated tongs through a small hole in the door just 
large enough to permit passage of a sample. A breaker 
of 10 per cent brine solution was held level with the 
hole and the sample was rapidly quenched. Tempera- 
ture drop of the sample was negligible except for the 
fraction of a second between the edge of the hole and 
entering the quench. Considering as a whole the pro- 
cess described, it is believed that the accuracy of tem- 
perature measurement was within + 4 deg F. 

Samples were quenched from the furnace at 10- 
deg F intervals, rather than at 5-deg intervals, since 
the larger number of samples required for 5-deg inter- 


TABLE 3—First STAGE ANNEALING TIMES 





Silicon Time at Nodules 
Content, 1750 F, per 
Per Cent hr sq mm 


1.00 12.5 12 
1.10 10.5 13 
1.37 6.5 26 
1.57 ° 5.0 29 








- 


Fig. 1—White Cast Iron, Bar No. 7. Nital etch. 100x. 
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vals would decrease accuracy of temperature deter- 
mination. In cases where a metallographic change was 
visible in a given sample, but not in the previous 
sample at 10-deg F higher temperature for example, 
the temperature at which the new phase appeared was 
estimated from the amount of phase present and the 
rate at which it subsequently increased. These esti- 
mates are believed to be within the error of tempera- 
ture measurement. 


Results 


The microstructures of the white cast iron bars were 
similar, with no changes evident as silicon content 
increased. In Fig. 1 is shown the structure of bar No. 
7 which is typical. 

The results of determination of first stage annealing 
times are given in Table 3, together with nodule 
counts made on furnace-cooled specimens. 

An effect noticed first during determination of first 
stage annealing times and found to continue through- 
out the work, was that with the lower silicon content 
irons the brine-quenched structure was an extremely 
fine pearlite or troostite (unrésolvable at 1500 diame- 
ters) rather than martensite. There was no marten- 
site formed during quenching for the 0.76 per cent 
silicon iron, medium amounts for the 1.00 per cent 
silicon iron, and the irons with 1.37 and 1.57 per cent 
silicon quenched entirely to martensite. This effect is 
obviously due to the increase in hardenability con- 
tributed by silicon, and the light scale on the speci- 
mens placed the critical cooling rate approximately in 
the center of the present silicon range. 

An important detail noticed with this effect was 
that when the troostite and martensite were both 
present, there was invariably a marked dendritic pat- 


Fig. 2—Dendritic Arrangement of Troostite and Mar- 
tensite in 1%-Si Iron Brine-Quenched from 1410 F. 
Nital etch. 100x. 
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tern. This effect is shown in Fig. 3 for the 1.00 per 
cent silicon iron. The presence of the troostite quench 
product did not of course interfere with determination 
of pearlite temperatures on cooling, since the pearlite 
formed in the critical temperature range was invari- 
ably easily resolved at 500 diameters. The dendritic 
pattern shown in Fig. 2 is believed to indicate local 
differences in silicon content remaining from the as- 
cast structure, the presence of the martensite indicat- 
ing higher silicon content. 
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Fig. 3—Effect of Silicon Content on Temperature Lim- 
its of Critical Temperature Range. 


The results obtained in the determination of tem- 
perature limits of the critical temperature range during 
cooling at 7 deg F per hr are given in Table 4 and in 
Fig. 3. Included in this data are determinations made 
on two bars (No. | and 3) of similar chemical analysis 
to those reported in Table 2, but whose manganese 
content was 0.33 per cent. This produced a manganese- 
sulphur ratio too low to be representative of good 
practice, but critical temperature range determinations 
were made to see whether a relatively low manganese- 
sulphur ratio had an appreciable effect on the critical 
temperature range. Apparently it has little effect. 


TABLE 4—TEMPERATURE LIMITS OF CRITICAL 
TEMPERATURE RANGE 





Legend Bar Silicon First First Last 
No. Content, Ferrite, Pearlite, Austenite, 
Per Cent Deg F Deg F Deg F 


0.76 1383 1355 1335 
1.00 1395 1355 1335 
1.10 1400 1355 1335 
1.21 1410 1355 1342 
1.37 1423 — 1347 
1.57 1435 — 1353 
— 2.00 1463 —_ 1427 
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Note: 2.00 per cent silicon results taken from diagram of 
Greiner, Marsh and Stoughton. 





Biack-HEART MALLEABLE Iron 


The amount of pearlite formed depended of course 
on the silicon content of the iron, considerable pear- 
lite forming in the low silicon irons and only a small 
quantity in the iron with 1.21 per cent silicon. No 
pearlite was formed at higher silicon contents. 

To investigate the effect of more rapid cooling rates 
on the process, samples of No. 8 white iron (1.57 per 
cent silicon) were cooled through the critical tempera- 
ture range at 15 and at 30 deg F per hr from 1450 F, 
after completion of first stage annealing. The results 
are given in Table 5 and Fig. 4. 


TABLE 5—CRITICAL TEMPERATURE RANGE AT VARIOUS 
CooLinc RATES 





Cooling Rate First First Last 
Deg F/Hr Ferrite, Pearlite, Austenite, 

Deg F Deg F Deg F 

1435 — 1353 

1430 355 1347 

1420 55 1343 
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Fig. 4—Effect of Cooling Rate on Critical Tempera- 
ture Range. 


The amount of pearlite formed was of course greater 
at a cooling rate of 30 deg F per hr than at 15 deg F 
per hr, though at the latter rate pearlite occupied only 
about 5 per cent of the matrix. A cooling rate of 10 
to 12 deg F per hr could apparently be used for this 
1.57 per cent silicon iron without formation of pear- 
lite. The pearlite lamellae were more closely spaced 
at the faster cooling rate. 

The rate of cooling between first stage annealing 
temperature and the top of the critical temperature 
range apparently has little effect on the subsequent 
transformation, since no difference could be detected 
in samples cooled from 1750 to 1450 F in 20 hr or in 
one-half hour. It is of course important to start slow 
cooling at some point above the top of the critical 
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temperature range to avoid depression of the point by 
undercooling. 

The metallography of the transformation during 
cooling at 7 deg F per hr through the critical tempera- 
ture range is shown in Fig. 5 to 8 inclusive, for No. 7 
sample containing 1.37 per cent silicon. 

In irons whose silicon content is low enough that 
pearlite forms at the cooling rate in use, the pearlite 
appears between 1360 and 1350 F, and apparently 
forms simultaneously with further direct deposition of 
graphite and ferrite from the existing austenite. Usual- 
ly, though not invariably, a band of troostite appears 


Fig. 5—Sample No. 7; Cooling at 7 deg per hr. 
Quenched from 1420 F. Nital etch. 100x. 


Fig. 7—Sample No. 7; Cooling at 7 deg per hr. 
Quenched from 1360 F. Nital etch. 100x. 
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between the martensite and pearlite in the quenched 
sample. This is illustrated in Fig. 9. The dark band 
is here called troostite since it is visible only in etched 
samples and shows evidence of fine structure under 
polarized light. It is probably formed during the 
quench, but there is no definite proof. 

The first traces of ferrite to appear on slow cooling 
usually are at edges or corners of graphite nodules. 
Later development of ferrite appears to follow the 
original dendritic pattern of the white cast iron, and 
sO may or may not be adjacent to graphite nodules. 
The interface between martensite and ferrite in the 


Fig. 6—Sample No. 7; Cooling at 7 deg per hr. 
Quenched from 1390 F. Nital etch. 100x. 


Fig. 8—Sample No. 7; Cooling at 7 deg per hr. 
Quenched from 1340 F. Nital etch. 100x. 





Fig. 9—Martensite, Troostite, Pearlite and Ferrite in a 
sample quenched from 1350 F. Nital etch. 1500x 


quenched structure is usually clear and sharp, as shown 
in Fig. 10, or occasionally may show some dark-etching 
troostite especially in irons of lower silicon content. 

The phases present, at least above the pearlite tem- 
perature, are apparently stable, since arrest of the cool- 
ing at 1370 F and holding isothermally for 10 hr pro- 
duced no visible change in proportions of phases pres- 
ent. If the isothermal holding were at a temperature 
at which pearlite was present, the pearlite would even- 
tually decompose since, as is well known, pearlite is 
readily decomposable isothermally. 

Extension of first stage annealing time over the 
minimum necessary for complete removal of primary 
cementite apparently has some effect on the transfor- 
mations in the critical temperature range, as doubling 
the first stage holding time for sample No. 6 (1.10 per 
cent silicon) resulted in a lowering of the temperatures 
of pearlite formation and last appearance of austenite 
by approximately 10 deg F, with formation of a smaller 
quantity of pearlite. This effect was not explored 
further in the present work, and will be the subject of 
a later study of various influences on the transforma- 
tions herein described. 


Discussion of Results 


In Fig. 3 the lines showing start and finish of the 
critical temperature range are projected to 1333 F at 
zero silicon content, which is the critical temperature 
for iron-carbon alloys. This seems a reasonable assump- 
tion, since the manganese and sulphur contents are 
balanced to form manganese sulphide. The phos- 
phorus content is relatively low, and should not have 
an important effect on this point. 

That silicon has a powerful effect in creating a 
critical temperature range, which widens and rises as 
silicon content increases, is evident from the data pre- 
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Fig. 10—Interface between Martensite and Ferrite. Ni- 
tal etch. 1500x. 


sented. From the results shown in Table 5 and Fig. 4 
it would appear that the temperature limits of the 
critical temperature range shown in Fig. 3 are not far 
from equilibrium temperatures. The pearlite found 
in irons of lower silicon content is not stable, and at 
lower cooling rates would not be present. In the pres- 
ent work the experiment was ended in each case when 
the last martensite had disappeared from the quenched 
samples, and if cooling at 7 deg F per hr had been con- 
tinued to 1280 or 1250 F, part or all of the pearlite 
formed would have decomposed, the extent of this 
process increasing with higher silicon content and 
slower cooling rate. 

In the present work, pearlite appeared, if at all, be- 
tween 1360 and 1350 F, and this was independent of 
silicon content or cooling rate within the ranges stud- 
ied. It is probable that at cooling rates greater than 
30 deg F per hr, the temperature of appearance of 
pearlite would decrease by undercooling as do the 
other critical temperatures. Faster rates of cooling 
were not investigated here since the subject matter was 
to be kept within commercial temperature and com- 
position ranges. No explanation is apparent for the 
constancy of the pearlite temperature found in this 
work. 

From examination of the microstructures of all the 
samples at various magnifications, no grounds what- 
ever are found for assuming that the martensite in the 
quenched samples is other than a normal martensite 
resulting from quenching a normal austenite. 

In general the process of reaction in the critical 
temperature range illustrated and described, agrees 
with the findings of the investigators mentioned earlier 
in this paper. Since Schwartz? gave little data on chemi- 
cal compositian, it is not practicable to compare tem- 
perature limits. Boegehold* used iron of a reasonably 
definite composition, but in finding the start of the 
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critical temperature range, cooled rapidly to 1400 F 
before starting slow cooling. Data presented above in- 
dicates the first appearance of ferrite to occur at 1405 
to 1410 F for a silicon content of 1.15 to 1.20 per cent, 
and by cooling rapidly to 1400 F, Boegehold’s samples 
may have undercooled by 5 or 10 deg F. There is some 
disagreement between the data of Boegehold and that 
presented above, on the temperature of disappearance 
of the last austenite. The difference of some 25 deg F 
may or may not be accounted for by temperature 
measurement methods in Boegehold’s work. The con- 
clusion of Boegehold that temper carbon precipitates 
without migrating through ferrite is apparently only 
partly true, since inspection of Fig. 6 and 7 shows that 
this is a possibility, but not a necessity. 

The data in Table | taken from the 2 per cent 
silicon section of the iron-carbon-silicon diagram pub- 
lished by Greiner, Marsh, and Stoughton? agree well 
with the data presented in Fig. 4 and Table 5 for the 
upper limit of the critical temperature range, but 
would seem to be high for the lower limit of the range 
unless the curvature of the line above 1.6 per cent 
silicon increases, which seems unlikely. 

The results of present work would indicate that 
Boyles® was incorrect in assuming that the tempera- 
ture limits of the critical temperature range are inde- 
pendent of carbon content, as his measurements at 3.0 
per cent carbon are considerably above those reported 
here. The original diagram of Greiner et al would 
seem to be correct in concept in showing a widening 
and rising critical temperature range as carbon content 
increases. 


Practical Application 


The value of knowing the temperatures of start and 
of finish of the critical temperature range in the opera- 
tion of commercial malleable iron annealing furnaces 
is obvious, especially where short-cycle annealing is 
practised. The present results are, of course, strictly 
applicable only for iron whose carbon content is in 
the neighborhood of 2.50 to 2.60 per cent, since the 
effect of carbon content on the critical temperature 
range apparently has not been delineated accurately 
in published work. 

It should be noted in the practical application of 
the work here described, that for cooling rates and 
silicon contents which may produce some pearlite, 
continued slow cooling down to at least 1300 F should 
be practised, since the pearlite may be decomposed. 
For example, if cooling at 6 deg F per hr produces 
some pearlite at 1350 to 1355 F, 814 hr would be con- 
sumed in cooling from 1350 to 1300 F during which 
an appreciable amount of pearlite would be decom- 
posed directly. 

When the time-temperature cycle of a pot-type per- 
iodic annealing kiln is considered, a potential saving 
in time is evident from knowledge of the extent of the 
critical temperature range, since the time taken to 
cool from the first stage annealing or soaking tempera- 
ture of approximately 1700 F to 1450 F may be from 
20 to 30 hr. This time is mostly wasted, and methods 
of cooling more rapidly through this temperature 
region would be desirable. In this type of kiln, the 
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large mass of the charge makes it difficult to change 
temperatures rapidly and at the same time uniformly 
throughout the charge, but thorough circulation of 
the atmosphere within the kiln should help decrease 
temperature differences. Heat can be removed by 
water or air cooled coils, with circulation of atmos- 
phere by a fan to distribute heat loss evenly, or by 
blowing air into the kiln by the pulverizer fan with 
suitable adjustment of flue openings and dampers to 
distribute the cool air thoroughly. In this latter case, 
since outside air is being introduced, the sealing of 
pots must be good in order to prevent scaling of the 
material being annealed. 


Conclusions 

The following conclusions seem justified by the data 
presented above: 

1. A critical temperature range exists for iron-car- 
bon-silicon alloys in the range of chemical compositions 
employed in commercial malleable iron operations. 

2. The upper and lower limits of this range within 
which austenite, ferrite and graphite co-exist in ap- 
parent equilibrium, rise and widen as silicon content 
increases. 

3. In the range of 0.75 to 1.60 per cent silicon and 
cooling rates of 7 to 30 deg F per hr, pearlite appears, 
if at all, between 1360 and 1350 F. 

4. There is evidence that micro-segregation of sili- 
con in a dendritic pattern exists in malleable iron. 

5. The solid solution existing within the critical 
temperature range, and appearing as troostite or mar- 
tensite on quenching (depending on the silicon con- 
tent) is believed to be austenite. 

6. Cooling rate between first stage annealing tem- 
perature and the upper limit of the critical tempera- 
ture range does not affect the extent or progress of 
the reaction in the critical temperature range, at least 
at cooling rates as high as 600 deg F per hr. 

7. The iron-carbon-silicon diagram at 2 per cent 
silicon, as published by Greiner, Marsh and Stoughton, 
would seem to be more accurate in concept than that 
more recently published by Boyles. 
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H. A. ScHwartz (Written Discussion)» Mr. Rehder’s paper 
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may be read either as a contribution to the malleable foundry- 
man’s knowledge of his art or to the theoretical metallurgist’s 
information as to equilibria in the ternary C-Si-Fe system. 
These comments will be divided in ‘conformity to these two 
possible viewpoints. 

For the foundryman, Rehder addresses himself to the 
question:—“how fast must one cool metal, how far to attain 
complete graphitization during slow cooling, having in mind 
the silicon content?” His answer takes the form of two graphic 
presentations. One shows the effect of silicon at a chosen cooling 
rate and one the effect of rate of cooling for a chosen silicon 
content. A diagram similar to Fig. 4 for each silicon content 
would have been most welcome. 

In view of the thoroughness of the author’s work it is 
suspected that the omission of such additional graphs may have 
been merely the result of a desire for condensation. If so, this 
commentator urges that, if the information was obtained, but 
not published, the additional matter be added for final publica- 
tion. With due modesty reference to a paper by Schwartz and 
Barnett, “Velocity of Conversion of Austenite to Ferrite and 
Cementite,” Transactions, A. F. S. vol. 49, page 441 (1941) is 
here suggested. The title is somewhat poorly chosen but the 
paper contains the results of tests somewhat similar in character 
to those here described. Since, as in the reference to the 
Schwartz-Junge publication cited by the author, we were mainly 
interested in developing principles and not studying the effect 
of chemical composition, no chemical compositions were listed, 
but:they were, as to carbon and silicon, similar to Rehder’s No. 
5. Being duplexed irons they were relatively high in manga- 
nese and sulphur. 

The commentator approaches the question of the relation 
of the author’s work to the ternary phase diagram as discussed 
by Greiner, et al, with much hesitancy. The only reason for 
doing so at all rests on the author’s implication that he has 
verified the accepted work in this field. One submits that even 
such excellent observations as his obtained during changing 
temperatures in only one direction and under conditions when 
silicon gradients still existed, are not suited to the attainment 
of equilibrium. The need for extrapolation in Fig. 4 is internal 
evidence that equilibrium was never reached; hence no data 
were obtained as to equilibrium compositions of phases. 

The opportunity may be good to mention here a fact about 
the presence of silicon in white cast iron, which is a source of 
great difficulty in the attainment of equilibrium in iron- 
carbon-silicon alloys. In 1925 this commentator with Mrs. Hird, 
published the statement that cementite isolated -electrolytically 
from white cast iron apparently contained all silicon of that 
iron. At the time it was not possible to say whether or not 
this silicon was present in solution in the cementite or was 
perhaps trapped as a compound, very probably SiO,. The latter 
possibility was recognized but we had no means of knowing 
what was going on. 

A few years ago Hedberg and this commentator published 
work showing how the elements molybdenum, chromium, 
nickel and manganese distributed between cementite and ferrite 
of white cast iron. 

It has been possible lately to supplement the type of 
experimentation conducted by Mrs. Hird by chlorinating 
sathples of cementite to determine whether the silicon present 
was vaporized in a stream of chlorine as silicon tetrachloride 
or whether it remained behind as SiO,. Hedberg’s results indi- 
cate the latter is the case and that in the publication of 1925, 
although the silicon was found with the cementite, it was not 
dissolved therein but was trapped as a chemical compound. 
The importance of this statement is that as the iron becomes 
graphitized to the point of eliminating cementite, what had 
been the cementite areas, are practically free from silicon and 
what had been ferrite (perhaps including the cementite of 
pearlite in the white cast iron) contains a silicon concentration 
markedly higher than the alloy as a whole. 

Now while silicon does, in fact, migrate in iron to some 
extent, its migratory rate is not particularly high. Therefore, 
it is extremely difficult to reach silicon equilibrium between 
zones which originally varied in that element. This factor is 
very possibly an important reason why the iron-carbon-silicon 
diagram is not more accurately understood than it, in fact, is. 


1 Director of Research, National Malleable & Steel Castings Co., Cleveland 
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Observing the constancy of the author’s pearlite line, one 
is led to reflect upon the possibility of the existence of an 
invariant four-phased metastable equilibrium in a_ ternary 
system, the phases being ferrite, austenite, cementite and 
graphite. 

The only justification for considering Rehder’s alloys as 
ternary is Rehder’s own explanation that the manganese and 
sulphur were combined with one another and the phosphorus 
was not present in important amounts. 

It requires no experimentation but only consideration of 
the phase rule to say that three-phased equilibrium (ferrite, 
cementite and austenite) is monovariant (at constant pressure) 
and can exist over a temperature range. Graphite then acts 
merely as a contamination. This also is a metastable equili- 
brium, for cementite is unstable toward iron and graphite. 


All that the author has shown regarding the classic equili- 
brium diagram is that it is fairly applicable to commercial 
cooling rates, some of which, however, are less than 7° F per 
hr. The disappearance of pearlite toward the slow cooling or 
high silicon portions of his diagrams represent in the com- 
mentator’s view, merely the more complete graphitization of 
what becomes austenite below his pearlite line. 

Mr. REHDER (Author’s Reply to H. A. Schwartz): The com- 
ments of Dr. Schwartz, who has done much good work in the 
subject field, are appreciated. 

The question as to whether the data contained in Fig. 4, 
showing the effect of different cooling rates at one silicon 
content, is available for other silicon contents, must un- 
fortunately be answered in the negative. The data in Fig. 
4 and Table 5 are presented only to show that at the cooling 
rate used of 7° F per hr, the departure from near-zero cooling 
rate was less in effect than the over-all accuracy of temperature 
measurement, and that no appreciable change should be found 
if cooling rates of the order of 1° F per hr were used. As a 
result, it is believed that the data presented do cover all cooling 
rates used commercially. The paper of Schwartz and Junge, 
mentioned by Dr. Schwartz, is of course familiar to the writer, 
but since chemical analyses were not given in that paper, the 
data could not be used quantitatively in reference. 

Concerning the question of attainment of true equilibrium 
conditions, the author agrees with Dr. Schwartz’s comment 
that on changing temperatures at finite rates in one direction 
without removal of silicon gradients, true equilibrium condi- 
tious are not obtained. However, a great deal of the published 
work existing at present would therefore on this account be 
discounted, since conditions of experiment were similar. This 
wuuld include the conclusions of Griener, Marsh, and Stough- 
tou. The question centers on the presence of silicon gradients, 
and it is agreed that these are present and difficult to remove 
completely. In fact in the paper will be found clear indica- 
tion of such a condition in Fig. 2, and it is obvious when 
examining microstructures of samples taken from within the 
range where alpha and gamma iron co-exist, that the ferrite 
appearing tends to follow a dendritic arrangement corresponding 
to that of the original white cast iron. This immediately 
suggests that if silicon gradients were eliminated completely, 
no‘alpha-gamma range would exist, the range becoming a 
line. The author is presently of the opinion that the presence 
of silicon gradients is a primary factor in rate of graphitization, 
acceleration of graphitization resulting from reaction of diffus- 
ing silicon atoms with iron carbide. This reaction is believed 
to be exothermic, and the slower rate of diffusion of silicon 
seems more compatible with observed annealing rates than is 
the faster rate of carbon migration. 

The pearlite line shown in Fig: 3 is of course of commercial 
interest only, since if a slower cooling rate had been used 
pearlite would not have appeared even in the low silicon irons. 
It is considered accepted that when appreciable silicon is present, 
iron carbide is unstable and given time, will decompose. 

The author does not find himself in agreement with Dr. 
Schwartz's suggestion that the classic equilibrium diagram is 
fairly applicable to commercial cooling rates, as it is pointed 
out in the paper that although the temperature of the top of 
the critical temperature range found here agrees with the 
conclusions of Griener, et al, the end or bottom of the range 
is found to be considerably lower than the classic diagram 
would indicate. 
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P. F. Utmer (Written Discussion):* Mr. Rehder is to be 
complimented for his practical method of approach to the 
solution of the phenonemon he is investigating. The con- 
clusions should be of much interest to those not too aware of 
the reactions during the annealing of malleable iron. 

With reference to his observation as shown by Fig. 2 and 
conclusion No. 4, Fig. 11 shows our method of showing silicon 
segregation. 

The sample is first etched lightly in 5 per cent nital and 
subsequently stained by immersing in hot alkaline sodium 
picrate. 

The high silicon areas which were primary austenite crystals 
stain most readily. 

CO-CHAIRMAN JOSEPH: In our annealing ovens the last ther- 
mocouple in the continuous oven is about 314 ft from the end. 
The trays are 2 ft deep. The last thermocouple shows a tem- 
perature of 1330 F, and we believe the last iron out of the 
furnace is close to 1320 F, i.e., for the type of iron we produce 
which is around 1.40 Si. This checks fairly close with what 
Mr. Rehder has brought out. 

Mr. REHDER: There is one point mentioned by Mr. Joseph 
which should be emphasized. In the experimental work just 
described care was taken to measure temperatures accurately, 
but it is strongly recommended that the exact temperatures 
shown as limits of the critical range be considered as limits, 
and that reasonable safety factors be applied. For example, if 
for a given silicon content the upper limit of the critical range 
is shown in the paper as 1400 F, slow cooling in a commercial 
operation should be started at 1425 F or even 1450 F, in order 
to allow for possible errors in temperature measurement and 
unevenness of temperature distribution in the furnace. Similar 


2 Assistant Chief Metallurgist, Link-Belt Co., Indianapolis, Ind. 


considerations apply to the lower limit of the critical tempera- 
ture range, slow cooling being continued below the temperature 
indicated in the paper. One of the important values in know- 
ing the correct temperature limits of the critical temperature 
range is that safety factors may then be intelligently applied. 
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ABSTRACT 


During the period 1937-1942 a method was dev--/oped for melt- 
ing many copper-base alloys under a reducing atmosphere using 
natural gas and subsequently blowing compressed air through 
the melt before pouring. This method has the following ad- 
vantages: 

1. It is not necessary to control accurately and periodically 
check the combustion mixture. 

2. In open-flame furnaces, it eliminates slag building up in 
the furnace. 

3. Consequently there is minimum contamination when heats 
of mutually incompatible alloys follow each other. 

4.It reduces melting loss, there being no oxidation; and no 
metal remains in the furnace, or slag. 

5. It is easily accomplished. 

6. Last, but not least, it establishes a definite end point or 
condition of the metal. 


History 

IN THE LITERATURE ON MELTING PRACTICE, the 
following statement is often found: The atmosphere 
in the furnace must be neutral or preferrably slightly 
oxidizing (14 of 1 per cent excess oxygen) to prevent 
the metal from absorbing reducing gases, principally 
hydrogen, which will be liberated on its solidification 
in the casting, causing intercrystalline shrinkage, por- 
osity, inability to withstand pressure, and loss of physi- 
cal properties. There is certainly no doubt about these 
effects produced by dissolved hydrogen. 

Until 1937 the writer used 14 gravity fuel oil in all 
his melting. Its chemical composition is approximate- 
ly 5 parts carbon to | part hydrogen. This means that 
only 11 per cent of the total heat obtained is from the 
hydrogen. A reducing flame was easily detected by the 
resulting free carbon or smoke, and was corrected. 
Then the writer changed to natural gas exclusively. 
Chemically, it is essentially methane (CH,) with | 
part carbon to 4 parts hydrogen. When methane is 
burned 71 per cent of the total heat obtained is from 
the hydrogen. 

The preponderance of hydrogen in the fuel neces- 
sitated the use of proportional mixers. The combus- 
tion gases were checked regularly by the use of an 
Orsatt gas analyzer and the mixer corrected to give ap- 


* Foundry Supt., Pacific Brass Foundry, San Francisco. 


proximately one-half per cent excess oxygen. All was 
well. Our melting equipment consisted of pit crucible 
furnaces and one 1500-lb revolving furnace. The lat- 
ter, when converted to gas, reverberated excessively. 
This presented a problem. We removed both conical 
ends, placed a bottom in one end, turned it up vertic- 
ally and manifolded the air-gas mixture to the position 
shown in Fig. 1. (The author now has three tilting 
crucible furnaces which are similarly arranged for 
open-flame melting.) This change eliminated the noise 
but maintaining the 14 of | per cent excess oxygen 
caused the slag (formed from the lining and sand ad- 
hering to the gates and riser part of the charges) to be 
of such a pasty consistency that it could not be com- 
pletely scraped out after the metal was removed. The 
use of granular borax (6 to 10 oz on top of the melt) 
did not materially help. In the course of several 
months it would build up to such an extent (Fig. 2) 
that the capacity of the furnace was greatly reduced 
and the lining had to be taken out and replaced. (It 
was a daily chore to keep this condition to a minimum.) 





Fig. 1—Melting Furnace, 1500-lb Revolving Type. 
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This large mass of slag weighing several hundred 
pounds was found to contain a large proportion of 
metal. Serious contamination, at times, resulted from 
this condition. For our heats may be and often are 
silicon bronze, gun metal, manganese bronze and red 
brass, each succeeding the other. 

We found this very viscous slag would change to a 
thin consistency when a slight excess of gas was used. 
The slag then became liquid and would run out of 
the furnace completely. Contamination of succeeding 
heats was eliminated for no metal was trapped in it. 
But we had lost our 14 of | per cent excess oxygen and 
now had a reducing atmosphere in contact with the 
melt. That an excess of hydrogen was dissolved in the 
metal, was proven by the fact that the castings showed 
bleeding of eutectic around the risers and heavy sec- 
tions, tensile properties were reduced, and elongation 
values evaporated. The writer then removed this hy- 
drogen by using copper oxide (CuQ) in the bottom 
of the pouring ladle, where it was thoroughly mixed 
with the metal. Phosphor-copper was then added and 
stirred to remove the excess oxide and to improve the 
fluidity. This was fairly satisfactory. The problem 
was to determine the amount required to remove all 
the hydrogen. We proceeded in this manner for about 
6 months. 

Then our attention was directed to a technical ar- 
ticle which appeared a few years ago in a trade maga- 
zine which reported presence of a high carbon monox- 
ide atmosphere in electric furnace melting, and its 
solution by the addition of air. We therefore tried to 
blow air through the molten metal while in the fur- 
nace. Our results were on the whole satisfactory but 





Fig. 2—Cross-sectional sketch of open-flame tilting fur- 
nace showing slag build up when using 4-1% excess 
oxygen in gas-air mixture. 
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occasionally at random it failed to work. Examination 
of our air supply indicated the trouble. We were 
using compressed air, and the excess water would con- 
dense and accumulate in the line, so that sometimes 
we were actually adding water to the heat and increas- 
ing the hydrogen content. This was then eliminated 
by placing a 20-gal receiver ahead of the take-off for 
blowing. The inlet side has the pipe extending two- 
thirds of the distance to the bottom, thus allowing the 
condensate entering the receiver to fall to the bottom 
where it can be drained off; the outlet being from the 
top. 

This technique has been used continuously since 
1942 with complete success. This does not mean that 
we have not occasionally had hydrogen-gased castings, 
but the cause could invariably be proven to be due to 
moisture picked up from ladles improperly dried, ex- 
cessive moisture in green sand molds, or green cores. 


Procedure 


The blowing equipment consists of a piece of seam- 
less steel tubing approximately 54-in. O.D. by Y% to 
3%-in. 1.D. and about 6 to 8 ft long. It is threaded for 
4 in. pipe and connected to the air line by a hose. 
There a valve suitable for controlling the air flow is 
placed. 

The blowing operation is performed when the heat 
has reached the required temperature. The valve is 
cracked and the flow of air checked by holding the end 
of the pipe a few inches off the floor and noting the 
disturbance created in the dust. The pipe is then in- 
serted into the furnace through the cover hole, brought 
slowly to the bottom (in order that the air pressure 
may build up to more than equalize that of the sur- 
rounding metal) and then moved from side to side so 
that the air bubbles may be distributed throughout the 
melt. After sufficient time has elapsed, the pipe is re- 
moved and the valve opened wide, to clean any slag 
that may have adhered to its end in the process of 
withdrawing it. This procedure is easily Ewen 
in the open-flame furnace shown in Fig. 1 We also 
blow crucible heats, but here the air flow must be 
more carefully controlled to prevent spattering some 
metal out of the crucible. Phosphor-copper is added 
after the blowing operation as may be required, and 
the heat poured. 

The time required may be anywhere from 15 sec to 
90 sec, depending on a number of factors, but our ex- 
perience has led to the conclusion that prolonged blow- 
ing has no ill effect. During the war the writer made 
over 2000 test bar heats on Navy contracts to speci- 
fication 46B5 (88-8-4 with 1 per cent lead, max) with 
the vast majority giving tensile strengths over 40,000 
psi and elongations over 30 per cent. Occasionally re- 
sults would be as high as 51,000 and 45 per cent. 


Alloys Treated 


At present the writer uses the method on all copper- 
tin alloys, copper-tin-zinc alloys, and the copper-tin- 
zinc-lead alloys. As to manganese bronze, it is our prac- 
tice to flare for a period sufficient to produce a chilled 
test piece which, when fractured, shows the necessary 
fine grain and freedom from golden spots. The evolu- 
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tion of vaporized zinc which accompanies this flaring 
in itself scavenges much hydrogen. Test bars on a 
heat of No. 70 manganese bronze thus treated were 
cast and then the metal blown and another set cast. 
The results were: 


Tensile, Elongation, 
psi per cent 
Not blown 65,750 35 
Blown 66,610 39 


Some hydrogen must have still remained after the 
normal flaring. 


Some Questions 


Why not use dry air? We have never tried moisture- 
free air, having had success with compressed air— 
which in San Francisco at least is always saturated at 
the temperature used. In the writer’s No. 1 Shop, the 
receiver is in the basement and the air used probably 
does not vary more than 15 F summer to winter, being 
approximately 50 to 65 F the year around. In the 
writer’s No. 2 Plant, the receiver is on the main floor 
with a maximum variation of about 30 F. 

British foundrymen! have shown that a certain small 
amount of hydrogen is beneficial to pressure tightness. 
This is believed to be the reason for the writer’s suc- 
cess with saturated air at room temperature. It prob- 
ably contains the optimum amount of water to pre- 
vent completely degasing the melt. 

How can one tell when the flame is reducing? This 
is not difficult. No covering being on the metal, the 
bath will reflect the walls of the furnace like a mirror 
when the flame is reducing. Even a very slight excess 
of air will cause an oxide film to form on it. 

Is the metal loss, when blowing, of any significance? 
Not that we have been able to detect. The blowing is 
accomplished in a short period of time, compared with 
the length of time it would be exposed to an oxidizing 
condition with 14 of | per cent excess oxygen in the 
combustion mixture. Zinc oxide is the only one that 
escapes. The other oxides that may be formed are re- 
duced again to the metallic state when phosphor- 
copper is added. 

Many questions remain unanswered at this time. 
Can it be used on the silicon, aluminum, and _ nickel 
bronzes, monel metal and other alloys? Would com- 
pletely dried air be necessary or beneficial in certain 
cases? 

Let us not lose track of the very important fact that 
tolerance for hydrogen is very low in most alloys, nor 
of the fact that even an apparently insignificant 
amount of moisture coming in contact with the metal 
after it has been properly prepared in the furnace can 
void all our results. If our ladles are not absolutely 
dried (even the pouring lip) ; if our molds are too wet 
and of low permeability, if our cores are not properly 
baked all our labor is for naught. Let us remember 
that the great enemy is water! 


Conclusions 


This method of melting has the following advant- 
apes: 

J. It is not necessary to control accurately and per- 
iotlically check the combustion mixture. This holds 
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good whether melting in crucible or open flame. 

2. In open flame furnaces it eliminates slag build up 
in the furnace, saving considerable hard labor and 
maintaining its full capacity. 

3. Likewise, contamination is eliminated when heats 
of mutually incompatible alloys follow each other. 
This is an important item in jobbing shops melting a 
wide range of alloys. 

4. It reduces melting loss, there being no oxidation 
and no metal remains in the furnace. The blowing 
takes only a short time, whereas a 14 of | per cent ex- 
cess oxygen flame is in contact with the metal during 
its entire melting period. 

5. It is easily accomplished. The melter performs 
the operation. An overdose is not detrimental. 

6. Last but not least, it establishes a definite end 
point or condition of the metal. This is of prime im- 
portance because it is the purpose of all melting pro- 
cedures to arrive at a definite result, with the assur- 
ance of being able to duplicate it consistently. 
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DISCUSSION 


Chairman: H. J. Roast, Retired, Canadian Bronze Co., Ltd., 
Montreal. 

Co-Chairman: W. Romanorr, H. Kramer & Co., Chicago. 

MEMBER: We are about to make 98 to 99 per cent copper 
castings. How would you suggest we make them? 

Mr. CAupron: We would melt the pure copper and bring it 
up to temperature (around 2150 to 2200 F for most of the types 
of castings we make), blow it with air to get rid of the dissolved 
hydrogen, add sufficient phosphorus and cast. We often pour a 
small test piece in an open top sand mold to check for proper 
shrinkage. The total phosphorus has a lot to do with the total 
shrinkage, even after blowing. In some cases if one melts in a 
crucible and adds the phosphor-copper, the first mold poured 
may shrink considerably and the last not at all, due to the fact 
that the phosphor-copper was not completely stirred into the 
heat. 

G. P. HALLIWELL:* Mr. Caudron’s paper is a result of a dis- 
cussion I had with him at the 1947 A.F.S. Convention following 
Mr. Romanoff’s lecture on test procedures for quality control 
of sand castings of brass and bronze and nickel alloys. (See p. 
40, AMERICAN FOUNDRYMAN, Sept. 1949). When I learned that 
he had melted regularly under reducing conditions, I invited him 
to present a paper on his method of melting, because the con- 
sensus is that melting must be done under oxidizing conditions. 
However, I would like to caution foundrymen not to take this 
paper too seriously and to start immediately melting under re- 
ducing conditions. Unless one knows exactly what they are 
doing, they will get into difficulties. Mr. Caudron spent con- 
siderable time working on this process and knows what he is 
doing, and apparently is getting acceptable results. If you do 
not understand how these oxidizing and reducing operations 
work, considerable trouble can result. 

I would like to make a few comments on some of the me- 
chanical properties mentioned by Mr. Caudron. On an 88-8-0-4 
alloy, he claims elongations over 30 per cent. How much over 
30 per cent is your average, because that is low for 88-8-0-4 alloy? 

Mr. Caupron: I was disappointed when I was unable to locate 


the 2,000 physical test reports to help me in preparing this paper. 


1 Director of Research, H. Kramer & Co., Chicago 


















Ww! 








Pp 


d 


iS 


d 











D. C. CAUDRON 


However I do know that the average tensile strength was over 
10,000 psi because all of these heats would have readily passed 
for Composition G with the higher physical requirement (40,000 
psi and 20 per cent), and we were making it in a Navy alloy, the 
specification for which was 35,000 psi tensile and 18 per cent 
elongation. The elongation values were considerably higher than 
that. 

On some of these heats, occasionally, the physicals would be 
very high. They were made from the same lots of ingot, because 
they would sometimes follow from one at normal figures to one 
at an exceedingly high figure the same day. It is something 
that I think would be a very interesting experiment or program, 
to determine how one could obtain these high figures consistently 
for 88-8-4 alloy (1 per cent max lead). 

It is well that Mr. Halliwell has given this note of caution. 
Any foundryman who has been in the industry for 25 years is 
not apt to try any new process without going at it cautiously. 
We went at it cautiously. It took us from 1937 to 1942, to arrive 
at the point where we are today. There is no question of the 
soundness of the metal produced under the melting practice 
which I have outlined here. We pride ourselves on the sound- 
ness of our castings. It is very seldom that fittings, gear blanks, 
or any other castings in brass or bronze are defective because of 
a metal condition. 

Mr. HALLIWELL: I would also like to suggest that the change 
in elongatién on your manganese bronze might be due to a 
change in composition rather than the elimination of some of 
the hydrogen that might be there. It does not take but a very 
little change in your copper-zinc ratio to change your elongation. 

Mr. Caupron: How much of a change? 

Mr. HALLIWELL: You have a 4 per cent differential in elon- 
gation which can easily be obtained with the same mixture on 
two different test bars. This is not a very large variation when 
the total elongation is of the order of 35 and 39 per cent. 

Mr. CAupRON: Yes, I agree with you. However, the amount 
of zinc lost during the blowing process of 30 sec compared with 
0.5 per cent necessary to make up the loss during 10 min of 
flaring would seem to me to be of the order of 0.05 per cent 
which is negligible. 

Mr. HALLIWELL: I would have to see how much zinc was 
coming off. 

Memeer: I think this paper should have been entitled “How 
to Overcome Defects from Melting Copper-Base Alloys in a Base 
Atmosphere.” Have you tried one-third copper oxide and two- 
thirds sodium silicate as a flux? 

Mr. CAupron: No. The only flux we use is borax and only 
about 4 oz to a heat. This we find helpful in liquifying the slag 
and keeping the furnace clean. The furnace (Fig. 1) will melt 
2400 lb of bronze in about 114 hr. The velocity of the com- 
bustion gases over the metal is so high that whatever flux one 
would use would have to liquify very rapidly, or it would be 
blown out of the furnace. 

Memeer: That would not be a sufficient amount of flux. 

Mr. CauprRon: We do not use the borax as a covering mate- 
rial but only to aid in keeping the furnace clean. I had hoped 
to have some pictures showing one of these furnaces after a 
period of operation. It shows a really remarkable condition on 
the inside; it is absolutely clean. In fact, down in the bottom 
every brick-line is standing out by itself. We did use copper 
oxide for quite a long period of time and it was successful, but 
air is cheaper, and it brings you to more of a definite end point. 
In other words, I think that with this procedure one will get a 
certain end point, a condition that is neither oxidized nor re- 
duced. One arrives at this point irrespective of the absolute 
length of blowing time, providing, of course, it is of sufficient 
length. 

G. H. BrapsHaw:? I should think one of your furnace prob- 


2 Master Molder, Philadelphia Naval Shipyard, Philadelphia 
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lems would be to create a slag in order to protect your batch 
of metal instead of using air. 

Mr. Caupron: If you have a slightly reducing atmosphere as 
evidenced by a clear, mirror-like surface on the metal, you are 
not going to oxidize the metal, or burn it up. There is no need 
to protect it. It cannot be used in this condition for casting; it 
contains too much hydrogen. Blowing eliminates this hydrogen. 
The blowing process is easily accomplished and we find it satis- 
factory. 

Mr. BrapsHaw: How much of a drop in temperature do 
you have? 

Mr. Caupron: That I could not tell you. However the actual 
volume of air blown through the heat would be only a few 
cubic feet. Considering the thermal capacity and the weight of 
air involved compared to the thermal capacity and weight of 
metal, one would expect very little drop in temperature. 

Co-CHAIRMAN RoMANorFF: I do not think the author offered 
anything startling, because this has been going on in the smelt- 
ing business for years. They usually melt in big reverberatory 
furnaces under a reducing atmosphere in order to keep their 
zinc and lead loss low and then oxidize for a number of hours 
for refining purposes. But, in my opinion, the point gets down 
to this: Is the foundry going to take the time to go to this 
method of refining or are they going to melt as rapidly as they 
can and pour into castings? As far as actually doing as the 
author mentioned, I think it can be done, but why go to all 
that trouble when it is not necessary? 

Mr. Caupron: That is all right. I am not trying to sell 
foundrymen on our method of melting brass and bronze. We 
do it this way and it works well for us. We are not attempting 
to refine metals. We do not attempt to melt down scrap metal. 
We do not consider our procedure a metal refining process. We 
are simply handling the metal by a method that allows us to 
keep our furnaces clean. If you are melting in furnaces of 2500- 
Ib capacity and you must change alloys from day to day, man- 
ganese bronze, silicon bronze and phosphor bronzes, you will get 
into trouble unless your furnace is clean. We were in trouble 
every so often on account of contamination. 

E. M. Smiru:* You described that in your meltdown you could 
estimate reducing conditions and oxidizing conditions by visual 
examination of your melt. It would seem to me that the melter 
could keep slightly on the oxidizing side just as easily as slightly 
on the reducing side and you would save some time, at least 
in your blow. 

1 would also like to know your practice when making tin 
bronze. Do you blow the metal after the tin has been melted in 
the copper or do you just blow the copper? 

Mr. Caupron: In reference to the first question, surely it is 
being done and could be done the other way. You could run it 
slightly on the oxidizing side, and that is the way we started 
out. We had proportional mixers which we checked with an 
Orsatt tester every so often to make sure that we were running 
on the oxidizing side, because of what had been stated in the 
literature on melting practice. However, if you are going to run 
slightly on the oxidizing side, it is evident to me from the experi- 
ence with our furnaces that you will, even with a lot of borax 
present, get a slag of such consistency that you just do not get it 
out of the furnace completely. 

In regard to your second question, on preparing copper-tin 
mixture, we do not, except on very rare occasions, make up any 
of our own alloys. However, if we were making a copper-tin 
alloy we would melt the copper, add the tin, and blow after- 
wards, the same as we would treat a bronze. In some alloys, 
particularly where there is lead present, we subscribe to the idea 
that it is good practice to pig it first and remelt it, even if you 
dump it right back into your furnace. It is hard to get disper- 


sion and properties from the original mix. 
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CONTROLLED ATMOSPHERE ANNEALING 
OF MALLEABLE IRON 


Report of 
A.F.S. Malleable Div. Subcommittee on Controlled 
Atmosphere Annealing 


To DETERMINE FUTURE WORK of the Subcom- 
mittee on Controlled Atmosphere Annealing it was 
decided first to study the literature on the subject and 
survey the practices in malleable foundries. This re- 
port presents the information which has been un- 
covered. 

Summary of Replies from Cooperating Foundries 

In order to determine the practices in use in industry 
a questionnaire was sent to all of the malleable found- 
ries in the United States and Canada. 

The questions asked were the following: 

. Type of annealing furnaces used. 

. Number of furnaces in operation. 

3. Annealing cycle. 

. Packing used. 

. Atmosphere used. 

j. Do you control the atmosphere? 

. How do you control it? 

8. Does the packing or atmosphere affect the test 
bar properties? 

9. With what packing or atmosphere do you get the 
best results? 

10. What effect does the packing or atmosphere have 
upon the rate of annealing? 

11. Please make additional comments. 

Replies to the questionnaire in either complete or 
partially complete form were received from 30 mal- 
leable foundries. Five additional replies indicating 
lack of information on the subject of controlled at- 
mosphere annealing were received. 

1. In answer to the first question on the type of 
furnaces used for annealing hard iron it was found 
that seven general types were used. These were the 
continuous, gas fired radiant tube furnace, the Dressler 
kiln, the electric elevator furnace, the periodic pot 
furnace, the car-bottom muffle oven, the conventional 
muffle oven and the batch type radiant tube furnace. 

2. The total number of furnaces in use as reported 
was 196. 

3. The annealing cycles reported of course depend 
upon analyses and section size of the hard iron pro- 
duced, but it is interesting to note the variation of 
from 14.5 hr to 16.8 hr. The cycles for the continuous, 
gas-fired radiant tube furnaces were the most rapid, 


while the periodic pot furnaces were the longest. 

4. Of the 30 reporting foundries, 16 or slightly more 
than 50 per cent were using some kind of packing. 

5. The following atmospheres were reported to be 
in use: : 

a. 10 per cent CO, — 6 per cent CO 
b. 17 to 18.0 per cent CO, — less than 1.0 per 
cent O, 

c. 9.0 per cent CO, — 16.0 per cent CO 

d. 2.4 per cent CO, — 24.5 per cent CO 

6. While only a relatively few malleable foundries 
were sure enough of their gas analyses to make a re- 
port, 12 out of the group reporting did make some 
effort to control the atmosphere in their furnaces. 

7. Three of the foundries have separate atmosphere 
gas generating equipment and supply a gas of known 
carbon monoxide and carbon dioxide to the furnace. 
The users of the electric elevator and batch-type radi- 
ant tube furnaces allow the iron to generate its own 
atmosphere. One of these operators adds air to the 
furnace in order to control the CO-COQO, ratio. Several 
of the foundries using the periodic pot type furnaces 
fire with a smoky flame to provide their atmosphere. 

8. & 9. Only a very limited amount of information 
was obtained in answer to these questions on effects of 
packing and atmosphere on physical properties. The 
general opinion expressed was that some packing or 
atmosphere which will produce a limited amount of 
decarburization is desirable from the standpoint of 
elongation. 

10. The answers received to this question all indi- 
cate that a condition which is highly reducing in na- 
ture has a harmful effect upon the rate of anneal. It 
was noted that high ratios of CO to CO, retard the 
second stage of graphitization. Hydrogen in the at- 
mosphere also slows down the rate of anneal. With 
high hydrogen contents (33 per cent) complete anneal 
is not possible and as little as 12 per cent hydrogen 
will retard the decomposition of cementite by 50 per 
cent. 

Review of the Literature 

The review of the literature on the effects of atmos- 
phere on the annealing of iron indicates that some 
experimental work was started in 1916. It was not 
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until the middle twenties, however, that much work 
of important nature was conducted. 


Effects of Various Gases on Annealing Rate 


Vacuum—While annealing of malleable iron in 
vacuo is probably not practical commercially, many 
investigators have used vacuum for experiments on 
the annealing rates of malleable iron. Sawamura™ 
showed that annealing of white cast iron took place in 
vacuo as rapidly as in the most inert atmosphere and 
that total loss in weight during annealing amounted to 
less than 0.02 per cent. Valentine’ in 1928 patented 
the use of vacuum in annealing malleable iron. Diller* 
stated that laboratory tests showed that the most rapid 
annealing of malleable iron takes place in a vacuum. 

Nitrogen—Statz' showed that a cupola white cast 
iron lost only 0.07 per cent carbon during the first 
stage anneal at 1000 C (1832 F). Sawamura" found 
that the use of a pure nitrogen atmosphere for anneal- 
ing malleable iron caused an increase in time of 50 per 
cent for first-stage annealing over time needed in 
vacuum. 

Oxygen—Sawamura" used special techniques for an- 
nealing malleable iron in oxygen and found that the 
use of this atmosphere gave an annealing rate about 
the same as the vacuum. 

Hydrogen, Ammonia, Methane, Water Vapor—Saw- 
amura"™ found that any gas that provides free hydrogen 
caused an increase in annealing time to the extent of 
three times that in vacuum. Schwartz” stated that the 
presence of hydrogen in the furnace atmosphere re- 
tards the rate of anneal. Golosmann* stated that an- 
nealing time was substantially hastened by the use of 
an atmosphere of dissociated ammonia, but the origin- 
al paper is not available for an inspection of the pro- 
cedure used. 

Bernstein** showed conclusively that pure, dried hy- 
drogen severely inhibits graphitization. 

Air—Sawamura" found that malleable iron annealed 
in air at the same rate as in vacuum. Diller+ showed 
that the use of oxidizing packing materials had little 
effect upon graphitizing time. Mindovsku®* claimed 
that the rate of second-stage annealing was accelerated 
by the presence of oxidizing gases. 

Carbon Monoxide — Carbon Dioxide—These two 
gases are considered together since most of the work 
done on controlled atmospheres has concerned the ef- 
fect of the ratio of these two gases. 

Hayes and Scott’ showed that the use of carbon 
monoxide—carbon dioxide mixtures at a pressure of 5 
atmospheres accelerated the first-stage rate of anneal 
by nearly 100 per cent and almost completely inhibited 
the second stage for cooling rates as low as 3.5 C (6.3 
F) per hr. The composition of the atmosphere used 
was 80 to 85 per cent carbon monoxide. Evans and 
Hayes® later stated that the use of the above atmos- 
phere and pressure permitted completion of first-stage 
anneal in 5 hr at 927 C (1700 F) of an iron containing 
2.3 per cent carbon and 0.02 per cent silicon. 

White and Schneidwind* state that the carbon mon- 
oxide—carbon dioxide ratio of an atmosphere has little 
effect upon rate of graphitization, but mainly effects 
the amount of surface oxidation. 
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Fishel and Woodell* showed that the reaction be- 
tween carbon monoxide and iron to form iron carbide 
and carbon dioxide is reversible. Schwartz® found that 
by the application of equilibrium data for the iron- 
carbon-oxygen system, an explanation of the pearlitic 
rim could be deduced. Harris*® gives graphs showing 
the equilibrium ratios of carbon monoxide and carbon 
dioxide in contact with iron at various temperatures. 

Salt Baths—The use of molten salt baths for anneal- 
ing malleable iron was patented by Valentine” in 1928. 
During the recent war large quantities of malleable 
iron bomb cases were annealed in Germany*® using a 
conveyorized molten salt bath furnace. The salt com- 
position was 90 per cent barium chloride and 10 per 
cent sodium chloride. 


Commercial Practices 

Graham” recirculated flue gases through his pulver- 
ized coal burner in order to decrease the free oxygen 
content of the furnace atmosphere. 

Valentine’ described the results obtained from seal- 
ing annealing furnaces as excellent with regard to 
time, lack of scale and pearlitic rim. 

Bremer’® described a continuous roller hearth an- 
nealing furnace. Castings were carried in alloy steel 
boxes and heat was supplied by radiant tubes, gas 
fired. An atmosphere containing 8 per cent carbon 
monoxide and 4 per cent carbon dioxide was supplied. 
The composition of the atmosphere in the first-stage 
zone was 15 per cent carbon monoxide and 5 per cent 
carbon dioxide. He'’ later described. another unit in 
which an operating atmosphere of 12.5 per cent car- 
bon monoxide and 6.5 per cent carbon dioxide was 
used. 

De Corioles and Cowan,'* in a paper on controlled 
atmosphere for annealing malleable iron, gave a dis- 
cussion of the theory and practice of the use of such 
atmospheres. It was stated that the hydrogen content 
should be less than 12 per cent and that a suitable 
atmosphere should have a carbon monoxide—carbon 
dioxide ratio of 2.3. Bornstein in a discussion of this 
paper presented data to show that ratios as high as 8.0 
had little effect on the rate of anneal or on scaling. 

A patent was taken out by Cowan covering the use 
of hydrocarbon gases for furnace atmosphere during 
first-stage annealing and using gaseous products of 
combustion during the second stage. 

Dow” discussed atmospheres for annealing malle- 
able iron and methods of preparation. Tests were 
made on machined and as cast surfaces and indicated 
that a carburizing gas slightly increased the rate of 
graphitization at the surface. 

Schwartz** and Cowan?’ both state that rim forma- 
tion is the result of oxidation of carbon from the sur- 
face faster than carbon can diffuse outward from the 
interior and hence the slower annealing rate at the 
rim. Rehder*! considers pearlitic rim formation due to 
oxidation of silicon to inactive silica in the surface 
layers, thereby decreasing the annealing rate in these 
layers. 


Discussion 
In analyzing the results from the questionnaire it 
must be remembered that only seven, or less than 25 
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per cent, of the plants reporting have annealing equip- 
ment which will allow furnace atmosphere to be con- 
trolled. In most cases the equipment is not sufficiently 
airtight to allow an atmosphere to be maintained at a 
reasonable cost. All of the papers discussing commer- 
cial applications of atmosphere control stress the fact 
that air infiltration must be prevented. 


There seems to be general agreement in the answers 
to the questionnaire and in the literature that high 
ratios of carbon monoxide to carbon dioxide do not 
affect the first stage of anneal of malleable iron. From 
answers received from the questionnaire it is indicated 
that some of the operators feel that high ratios of car- 
bon monoxide to carbon dioxide slow down the second 
stage of anneal. 

Both the questionnaire and the survey of the litera- 
ture have brought forth the fact that hydrogen in the 
furnace atmosphere retard the rate of anneal marked- 
ly. Some of the early investigations indicated that 12 
per cent hydrogen was not serious, but later experience 
disproved this. 


Conclusions 


The survey of the literature and the answers to the 
questionnaire make the following conclusions logical: 

1. In terms of number of foundries relatively few 
are in a position to do much about the control of at- 
mosphere in their furnaces. In terms of tonnage of 
malleable iron produced it can be said that atmosphere 
control is practiced to a marked extent. 


2. Most commercial applications of controlled at- 
mosphere to annealing use a gas containing carbon 
monoxide and carbon dioxide. The ratio of carbon 
monoxide to carbon dioxide varies considerably, but 
there is general agreement that ratio is not important 
in the first stage of the anneal. 


3. The presence of hydrogen or any gas that will 
produce free hydrogen will decrease the rate of anneal 
of malleable iron. This is true of water vapor since on 
reaction with the iron at elevated temperature, not 
only scale is produced but free hydrogen is released. 


4. It appears that much work can be done on con- 
trolled atmospheres for annealing malleable iron in 
the future. This is particularly true on the subject of 
the relation of physical properties to the atmosphere 
of the annealing furnace. 
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Personnel of Sub-Committee on Controlled 
Atmosphere Annealing 
The members of this sub-committee which carried 
out the project are as follows: 


Robert P. Schauss, Chairman 
John Rehder F. Jacobs 
J. A. Durr W. Zeunik 


DISCUSSION 

Chairman: E. WELANDER, Union Malleable Iron Works, John 
Deere & Co., East Moline, Ill. 

Co-Chairman: M. Tittey, National Malleable & Steel Cast- 
ings Co., Cleveland. 

D. P. Forses:' Has the Committee given consideration to the 
self-generated atmosphere that is developed in muffle furnaces 
and some of the well-sealed bell-type furnaces or elevator fur- 
naces? It seems that the castings themselves generate a CO 
atmosphere. Is there a theory as to how that was developed? 

Mr. ScHAuss: Many users of the bell-type furnaces have found 
that their CO, during the first stage of anneal, is as high as 70 
per cent. There was some speculation as to what happens to 
the nitrogen that is in the furnace when the bell is first put on, 
and why you get such high percentages of CO and relatively 
little nitrogen. There was some discussion relative to the slightly 
increased diffusion of the nitrogen. Perhaps that accounts for 
some of the atmospheres that have been reported in that direc- 
tion. It certainly is true that with the tightly sealed furnaces 
you have very high CO:CO, ratios and that in many cases your 
CO, is practically negligible. ° 

C. F. JoserH:* We used the bell-type malleabilizing ovens 
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during the war and the CO went up to around 70 per cent. We 
often commented on it and were anxious to know why it ran 
that high. When we first ran the analyses, the covers were not 
tight and there were some leaks. We obtained 55 per cent and 
60 per cent CO, and finally, after the leaks were fixed the CO 
ran very high. 

On the cooling down period we did not add any air. We shut 
the heat off and allowed the charge to cool down normally. 
There was an infiltration of air and the CO did drop off during 
the cooling period and toward the end of the anneal a blue 
flame appeared around the various burner openings. 

On our continuous type ovens we formerly ran a leaner ratio 
of CO to CO,, but as time went on we increased the CO until 
now we run a ratio of 414 or 514 to 1, CO to CO,. When we 
speak about the ratio you will have to keep in mind that the 
ratio is higher at the entrance end of the kiln, about 6 or 8 ft 
inside, and as you go down toward the cooling zone the ratio 
drops oii. We have a much richer ratio in the heating up and 
loading zone than in the cooling zone. This is characteristic of 
continuous type malleablizing ovens. . 

In the cooling zone the ratio of CO to CO, drops off to around 
3 to 1. We found that a ratio approaching 114 to 1 will cause 
scaling. If it is leaner than 114 to 1, that is a ratio of 11 per 
cent CO and about 614 to 8 per cent CO,, you can expect a 
paper-thin scale on your castings, but that never occurs in 
actual practice because we keep the atmosphere much richer 
than that so there 1s no danger of any paper-thin scale forming. 

J. A. Durr:* I concur with Mr. Joseph’s thoughts on the 
continuous and the batch-type furnaces. As far as removal or 
replacing the atmosphere in the bell and cover furnaces, we 
open the ports and let the high atmosphere gas out. As long 
as the flame burns the ports are left open and then they are 
closed up for the second stage of annealing. 

Wo. Zeunik:* We are using Lee Wilson radiant tube fur- 
naces and we introduce air into the furnaces primarily to im- 
prove mechanical properties of the iron. We have found that 
if we anneal with the 60 to 70 per cent CO atmosphere we do 
not get as good properties as if we reduce that ratio. 

CHAIRMAN WELANDER: Where does this rich atmosphere come 
from? You introduce an atmosphere of about 30 to 35 per cent 
CO and end up with 70 per cent CO in the front of the furnace. 
Does it come from decarburization of the castings themselves? 
Do you experience difficulty with pearlitic rims? 

Mr. Scnauss: It occurred to the Committee that this discus- 
sion and the results that we got from the answers to the ques- 
tionnaire did not give us a complete picture of all the things 
that happened in the annealing practice. It is going to be one 
of our recommendations that work be done in that direction. 

The study of pearlitic rims has been going on ever since the 
malleable business first started, and it will probably go on for 
a long time to come. It seems that more work can be done in 
coming up with a few more practical suggestions as to what the 
operators of the various types of annealing equipment can do 
to prevent the formation of the pearlitic rims. 

Co-CHAIRMAN TiLLEy: The Cleveland Works of National 
Malleable has had some experience with atmosphere control on 
electric bell-type ovens. When the oven is placed over the 
charge, the atmosphere naturally is air. When the tempera- 
ture rises to above the critical point, at which time the carbon 
is in solution and free to migrate out to the outer edge, the 
oxygen combines wih some of that carbon, forming CO,. This 
CO,, in turn, attacks the iron, forming iron oxide and CO. This 
CO can build up to as high as 70 per cent under these condi- 
tions. We have found that by installing a l-in. pipe in the top 
of the furnace and leading that pipe down to man height, the 
atmosphere is bled off at such a rate as to result in a gas com- 
position of 2 parts CO to 1 part CO,, which is satisfactory for 
atmosphere control in malleable annealing. 

It is evident that we need considerably more research work 
on the effect of the atmosphere on graphitization rates. 

CHAIRMAN WELANDER: Is it true then, that these rich atmo- 
spheres in bell-type annealing furnaces seem to bear out Mr. 
Rehder’s contention that the cause for the formation of pearlitic 
rims is due to the conversion of silicon to silica? 

J. E. Renpver:® Attribution of the cause of pearlitic rims to 
oxidation of silicon at the surface of the iron was the subject of 
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a paper published in 1945 in Canadian Metals and Metallurgi- 
cal Industries, a magazine which does not have a large circula- 
tion in the U. S. I do not think I made an ironclad case for the 
theory in that paper, because it is a very difficult thing to 
prove, but since then I have seen no data that has proven to 
me that it would be otherwise. 

I find it difficult to accept the conventional idea of surface 
depletion of carbon as a cause of pearlitic rim, since many 
observed facts do not fit this conception. On the other hand, 
both on thermodynamic grounds and as shown by chemical 
analysis, oxidation of silicon preferentially to carbon by certain 
furnace atmospheres at the surface of the iron certainly does take 
place. Since silicon and not silica, is an accelerator of graphitiza- 
tion, it is evident that as more silicon is converted to silica, 
graphitization in such areas becomes slower, until areas exist 
where pearlite is not decomposed on cooling through the critical 
temperature. If surface oxidation is sufficiently intensive, not 
only will silicon be oxidized, but carbon will be oxidized and 
escape as CO, leaving a carbon-free rim. In such a case, no pear- 
lite can form at the extreme edge, and the rim will appear as 
ferrite on the exterior, with a rim of pearlite inside the ferrite, 
the pearlite vanishing towards the interior of the iron as less 
silicon is oxidized and more of the pearlite is graphitized. 

This adds nothing to what was discussed in my original 
paper, but since the paper has probably not been read generally 
in the U. S., some of the ideas have been reviewed. 

W. R. Bean:* In the years following 1914 it fell to my lot 
to study the formation of pearlitic rims and in the foundries 
where I worked at that time it was the practice to use carbon 
materials in annealing packing for certain types of castings with 
the idea of reducing the decarburization to the greatest extent 
possible. At that time a large percentage of malleable anneal- 
ing was done in coal-fired ovens and the castings were packed in 
a box surrounded by packings of more or less oxidizing condi- 
tion, providing a more or less oxidizing atmosphere. It was 
found that an atmosphere surrounding the castings could be 
and was produced which resulted in actual carburization of the 
castings and consequently rims were formed which probably con- 
tained some cementite. 

In other words, we approached the carburizing processes car- 
ried out in the carburizing of low carbon steels. Some micro- 
graphs of that material were included in a paper “Fractures and 
Microstructures of American Malleable Cast Iron,” by W. R. 
Bean, H. W. Highriter and E. S. Davenport, TRANSACTIONS, 
A.F.S., vol. 29, pp. 306-340 (1920). The studies made then have 
been checked from time to time in later years and in general 
the conclusions reached have been substantiated by later work. 

Whether the atmospheres produced in muffile or other types 
of furnaces are of a nature to carburize is a question that I am 
not in a position to answer, because for the last 20 odd years I 
have not been able to keep in as close touch with malleable 
processes as I did prior to that time. But, there is that question 
remaining in my mind as to whether atmospheres of high CO 
content may carburize and possibly leave some cementite in the 
surface areas of malleable castings. 

G. L. GatmisH:* The Committee made the statement that 
hydrogen lengthened annealing time. By how much? We anneal 
regularly in a 40% H,, 20% CO and 40% N, atmosphere. So far, 
we have found no trouble. 

Mr. Renper: In making a survey of the literature, it was 
amazing how wide the variations were in atmospheres that peo- 
ple in commercial practice reported. One company would re- 
port the atmosphere analysis that they found was satisfactory, 
with minimum annealing time, good mechanical properties, little 
pearlitic rim, etc. Another company would report the atmosphere 
analysis that they found satisfactory and the two analyses would 
be completely at variance. There seems to be a very wide range 
of compositions within which atmospheres work satisfactorily. 
The only possible reason I can see is that there must be some 
correlation with the actual composition of the iron being an- 
nealed. 

In the literature on the effect of hydrogen on malleable iron, 
there are only two papers in all of the literature that claim 
that hydrogen does not slow down the anneal. Both of them are 
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Polish papers, of which I had no way of getting the originals. 
All I had to go on for those papers were the abstracts in the 
Journal of the Iron and Steel Institute or Chemical Abstracts. 
All of the other papers agree that hydrogen greatly retards the 
rate of graphitization. 

Just a year ago an English investigator, Bernstein, annealed 
white cast iron in pure dry hydrogen and extreme care was 
taken to remove all traces of water vapor. Bernstein showed 
clearly and reproducibly that a white iron that would graphitize 
completely in the first stage in 32 hr at 1832 F in a nitrogen 
atmosphere would, after annealing for 100 hr at 1832 F in pure 
dry hydrogen, show no graphitization. Other references in the 
literature agree that hydrogen in appreciable quantities does 
decrease the rate of graphitization and it seems to be univer- 
sally agreed that it affects the second stage much more than the 
first stage. 

I have no idea why you are able to anneal in that percentage 
of hydrogen, because it does not agree with any of the pub- 
lished work. In my own experience, I have seen castings come 
out of a commercial pot-type kiln with practically zero second 
stage annealing accomplished due to the presence of water vapor 
in the kiln. The foundry was built on low ground near a river, 
and in the spring the river rose and the water table came up to 
the bottoms of the annealing kilns. This foundry has always had 
difficulty annealing malleable iron in the spring when the water 
was high. I am satisfied that the trouble is due to water vapor, 
which is rapidly decomposed to hydrogen and iron oxide when 
in contact with iron at annealing temperatures. 

I cannot explain why you can anneal satisfactorily in an at- 
mosphere of 40 per cent hydrogen. I would be interested in 
knowing how you are getting that atmosphere. 

Mr. GALMISH: With a 2.75 carbon iron, we can get 20 per 
cent elongation in that atmosphere. The atmosphere generator 
is a retort-type using a nickel catalyst in which the gas and air 
mixture is cracked and passed into the furnace. 
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How much will that hydrogen increase the annealing time? 

Mr. Renper: I do not know. There is no data in the litera 
ture and I have done no work myself which will indicate th. 
quantitative effects of hydrogen on rate of anneal. Work shoul: 
be done to determine quantitatively the effect of various con 
centrations of hydrogen on the rate of anneal of malleable iron 

Mr. GALMIsH: I would say that on a 13/-in. section the re 
quired time is 24 hr at the high stages. 

Mr. ScuHauss: It was indicated in one of the answers to th 
questionnaire that 12 per cent hydrogen would increase an 
nealing time in the first stage by as much as 50 per cent. Tha: 
is as much concrete data as we have. It is something that leave: 
much more to be done. 

Mr. Bean: The question that comes prominently to my mind 
is why or through what means or medium hydrogen increases 
the annealing time. What takes place in the process in the pres 
ence of hydrogen? What is it basically? 

In 1915 and 1916, along about that time, I was responsible 
technically for the operation of about 30 hand-fired air furnaces 
melting malleable iron. I found that more pig iron was required 
to produce a given carbon content of the product from those 
furnaces in the summer months than in the winter months, and 
it was appreciable. We were in a district where pig iron was 
expensive, scrap was then plentiful, and I was asked why we 
had to use more pig iron in the summer than in the winter. The 
only answer that satisfied me atthe time was that in the winter 
months the amount of water vapor carried through the grates of 
these furnaces over the bridge wall into the melting chamber of 
the furnace was much greater in summer than in winter. I 
was never able to determine experimentally what happened to 
that water. Presumably it was broken down into its elements at 
the 3,000 or slightly higher than 3,000 F temperature in the 
melting chamber of the furnace, and hydrogen combines with 
carbon in the metal thereby requiring more carbon in the charge 
to produce the analysis that we aimed for throughout the year. 





INDUSTRIAL HYGIENE IN THE FOUNDRY 


By 


Herbert J. Weber* 


THE UNSAVORY REPUTATION of past working 
conditions in the foundry industry is not without 
foundation. Mr. Given, president of the American 


Brake Shoe Company, made the following pertinent 
remarks in an address to the American Foundrymen’s 
Regional Conference in Philadelphia: 


“Some of you are too young to remember the foundries of 
the early days—what terrible places they were for any man to 
work in. Unfortunately, there are still many foundries around 
the country which do not compare too favorably with those of 
the past. 

“During vacations while in college, forty years ago, I worked 
two summers in a small machine shop which had, as one of its 
lean-tos, an iron foundry in which I also worked at times. It was 
probably worse than the average but typical of many of the old 
time foundries. The pay rates were about the lowest and the 
working conditions the poorest in that vicinity. It was hard 
work. It was extremely hazardous work. For illumination mold- 
ers had a smoky kerosene torch. A hand shakeout method made 
it possible for them to breathe in the maximum of dust. The 
metal was all carried with hand ladles from the cupola to the 
molds over a floor as uneven as a pasture. There were no wash 
rooms. In the winter, a piece of hot metal was tossed into a 
bucket of water when it came time to wash up. . Heating a found- 
ry in winter time was ynheard of. It was not unusual to build 
fires on heaps of sand in the morning, especially after a few days’ 
shutdown before starting to mold. The toilet facilities were the 
great outdoors. Part of the young man’s inherent resistance to a 
foundry job today comes out of past history—that record of being 
an awful place to work. This generation still hears of the terrible 
burns suffered by molders of those early days. The toughness 
necesary to be a foundry worker was real.” 


In those days, the foundry industry depended, in 
large measure, on immigrant labor. Today with im- 
migration closed, the industry must hire and train 
native born people. Because of compulsory public 
education, job applicants today have at least a high 
school training. Their wits are sharper—worldly-wise, 
than their fathers; and the better workers will not be 
attracted to an industry where they will be exposed 
to occupational] disease, bodily injury, noise, dirt, and 
sub-standard working environment. 

Thus to operate a foundry at all, it will soon be 
necessary to pay premium wages or to mechanize. 

State laws are becoming more stringent. As a matter 
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of fact, all states now have occupational disease laws. 
The garlic breath from tellurium poisoning is no 
longer ascribed to the seasonings of an overzealous 
cook; and the colic of lead poisoning is no longer dis- 
missed with the remark: “It was something you ate.” 

Furthermore, the unions have recently shown an 
increasing interest in industrial hygiene. Witness the 
appropriations made by them for research in occupa- 


’ tional disease. 


Claims for compensation can be expensive, whether 
a plant is self-insured or not. As time goes by, there 
will be more claims since there were and still are many 
cases of occupational disease which have gone un- 
recognized, and the symptoms thereof have been 
ascribed to other unrelated causes. 

On the other hand, many a compensation claim has 
been paid when the disability was due to syphilis 
rather than lead, or due to cancer of the lungs rather 
than silica. 

These are some of the cogent reasons why the found- 
ry industry must improve working conditions. Good 
industrial hygiene is not nonsense. Decent wash and 
locker rooms, good illumination, adequate protective 
ventilation, etc., are not a magnanimous benefaction 
of management. They are a good investment; they are 
just good business! The all too common acceptance of 
the idea that foundry operations are necessarily dirty 
has been definitely discredited (Fig. 1, 2, 3). Men can- 
not work efficiently in a dirty cluttered area. How can 
production be at a peak if men have to be human 
ferrets in order to move around? 


What To Do For Hygiene in Foundry 


What can the industry do about this? Large corpora- 
tions can build air-conditioned plants, but what of 
the small operator? 

First and foremost, there must be a willingness on 
the part of top management to improve plant hygiene 
and to back it up by follow-up. The annual pep-talk at 
the safety dinner is not enough. Supervisors must be 
made to account for departmental hygiene as well as 
for production. 

Secondly, there must be an awareness of the poten- 
tial hazards to health in the plant. One must know 





Fig. 1—Foundry Pouring Floor. Note Good House- 
keeping. 


something of the facts of occupational disease so in- 
dustry will not be penalized for rackets and so that 
the causative agents may be controlled. 

The principal hazards in the foundry industry are 
those due to silica and lead. There are others such as 
beryllium, tellurium, manganese, zinc, phosphorus, 
etc., but the limitations of this paper prevent their 
detailed consideration. 


Fig. 2—Core Room. Note Good Illumination with 
Absence of Glare. 


INDUSTRIAL HYGIENE IN THE FOouUNDR\ 


First, let us consider silica. Silicosis is produced by 
the inhalation of free silica dusts. Three factors mus 
be present in order to develop the disease. 

1. The particles of dust must be below 5 microns it 
size. (A micron is 4599 of an inch.) 

2. Concentrations of free silica dusts must be greate: 
than 5 million particles per cubic foot of air per 8-h: 
day. 

3. Exposure must be long enough; 2 to 25 years, ay 
erage 10, are usually required. 

Particle size is important because the larger ones 
are filtered by the cilia of the respiratory tract and 
seldom reach the alveoli of the lungs where damag: 
begins. 

As far as is known today, silicates such as mica, cu 
pola slag, cement, etc., do not cause silicosis. However, 
asbestos, which is a silicate causes asbestosis. Foundry 
dusts are mixed. That is, they are not pure silica but 
contain iron, clay, carbon, and so forth. Therefore the 
concentration of free silica must be known before a 
given environment can be assessed. 

Time is also an important factor. Obviously the 
greater the dustiness, the less time will be required to 
develop the disease. In any case, silicosis does not de- 
velop overnight, even by judicial decree. 

In non-ferrous foundries there is less exposure to 
silica than in the ferrous plants. Those people en- 
gaged in production of non-ferrous castings should be 
more concerned with the toxic properties of the alloy- 
ing metals than with the sand. 

In steel and gray iron foundries, the principal ex- 
posures are in the cleaning room, shakeout, and sand 
treatment. Chipping, grinding, gate burning, core 
knockout, and welding are always suspect sources of 
serious dust and fume. Rarely are there serious dust 
exposures in charging, melting, pouring, molding, and 
core making unless these zones of operation are con- 
taminated by dust from other sources. 

To complicate matters there is a related lung con- 
dition known as siderosis which simulates silicosis. It 
is caused by iron oxide fume which produces a pig- 
mentation of the lungs and is harmless just as a tatoo 
mark on the arm may be undesirable though harmless. 


Fig. 3—Modern Cleaning Room. Note Exhausted 
Booths for Swing-Frame Grinders. 





H. J. WEBER 


An x-ray picture of a siderotic lung looks almost identi- 
cal to a silicotic chest. The discrete nodulation seen in 
the former is due to iron deposits and that seen in the 
latter is due to scarring of the lung tissue or fibrosis. 
Radiographically, these condftions cannot be distin- 
guished without a quantitative evaluation of past ex- 
posure. 

Medical men will sometimes err in their diagnosis 
and some plant may even now be paying for a sup- 
posed disability due to silicosis when actually no di- 
sease is present at all. 

Iron dusts and fumes from cleaning rooms, gate and 
head burning, and welding are the usual causes of 
siderosis in the foundry. 

In the cleaning room of one of the writer’s manga- 
nese steel plants, there was an unusually large number 
of cases of what appeared to be silicosis. These cases 
were incompatible with the industrial hygiene findings 
of exposure. Dust concentrations of free silica were 
so low that a diagnosis of silicosis seemed unwar- 
ranted. 

Accordingly, a $15,000 animal experiment was be- 
gun in conjunction with the Saranac Laboratories at 
Saranac Lake, New York. The experiments lasted 18 
months. The same air-borne dust that our men were 
breathing was collected and sent to the laboratory 
where the test animals were subjected to the inhala- 
tion of this particulate matter. 

The animals were x-rayed periodically to determine 
if the same nodulation could be developed in their 
lungs that were seen in our burners and grinders. 
Finally after 18 months, the same x-ray pattern was 
noted. The animals, upon being sacrificed, showed no 
fibrosis, no disease but they did have the iron deposits 
characteristic of siderosis. This was proof that the 
original diagnosis of silicosis in our burner and grind- 
ers was unwarranted, as the industrial hygiene findings 
indicated. ? 

Recently one of our burners to whom we had been 
paying a disability award because of supposed sili- 
cosis, died. His chest x-ray previously showed definite 
nodular shadows and the Industrial Commission had 
ruled that he was disabled due to silicosis. His widow 
requested an autopsy, hoping to increase her claims. 
The coroner’s findings were that the man died of 
carcinoma of the stomach and that there was no sili- 
cosis present. The shadows seen in his x-ray film were 
due to iron pigmentation. This was strong confirma- 
tory evidence of our animal experiments. 

Thus a diagnosis of silicosis based on a roentgeno- 
gram alone, without any quantitative knowledge of 
the exposure to sufficient amounts of free silica, is 
questionable and dubious. 

Many foundrymen have heard of aluminum therapy 
in the prevention or arrest-in-progression of silicosis. 
The treatment consists in periodic inhalation of alumi- 
num dust. The exponents of this therapy have 
claimed good results. However, the best medical opin- 
ion is that there is not enough evidence to justify the 
claims made for it. Dr. John Berry! of the School of 
Medicine, University of Colorado, was the first to 
test aluminum therapy under scientifically controlled 
conditions. 
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He selected 35 silicotics for experiment. Twenty-six 
of this group received aluminum therapy and nine 
breathed pure air as controls. All of the subjects 
thought they were inhaling aluminum dust. 

1“Of the treated group, 22 considered themselves to have im- 
proved; 4 considered themselves to have been unchanged and 
none believed that they were worse. It was the impression of 
the investigator that 15 had remained unchanged, and that 8 
had become worse. Three men, members of the treated group, 
undoubtedly became better. It is not possible to attribute all 
the improvement to aluminum, as each one of these men prior to 
treatment had been working in the dusty atmosphere of a hard 
rock mine, but during and following treatment had found 
other employment. It is well known that removal of a silicotic 
from a dusty atmosphere will by itself produce considerable 
subjective improvement. 

“All members of the control group considered themselves im- 
proved. It was the impression of the investigator that 6 were 
unchanged and 3 were worse. 

“During the course of the study, there has been no evidence 
of aluminum toxicity. This is of interest because there are 
several reports in the literature concerning possible toxic effects 
of aluminum dust on the lung. In all of the reported cases, the 
aluminum concentration has been exceedingly high in the at- 
mosphere. breathed by the affected persons but there is as yet 
no convincing proof that aluminum was responsible for the 
changes observed . the high incidence of symptomatic 
improvement in the control series indicates that future work 
with aluminum in the treatment of disabling silicosis must be 
properly controlled in order that its worth may be proved ... . 
in the aluminum-treated group, no objective changes were ob- 
served which could be convincingly attributed to the metallic 
therapy.” 

There is no known positive cure for silicosis. The 
cure lies in prevention which is not a medical but an 


engineering problem. 


Lead Poisoning 


Now let us consider some facts about lead poisoning. 
Lead may enter the body in one or all of three ways. 
These may be called the three “I's” in order of their 
importance. 

1. Inhalation of fumes from melting lead or lead 
containing materials at high temperatures or of dusts 
from grinding and chipping leaded brass castings. In- 
halation is the commonest and most rapid form of 
entry. It is the most important from the foundry 
standpoint. 

2. Ingestion or swallowing of lead dusts or materials. 
This is not industrially very serious. 

3. Inunction or absorption through the skin of such 
materials as tetroethyl lead in gasolines. 

Lead poisoning is characterized by many symptoms 
and signs but the first symptoms usually to appear are: 
colic, constipation, metallic taste, and nausea in the 
morning. More severe symptoms are paralysis of the 
nervous system and encephalopathy. 

There is a difference between lead absorption and 
lead intoxication. By the former is meant that lead is 
present in the body in greater amounts than normal 
but not in sufficient quantity to cause symptoms. Lead 
can be found in the blood and urine of all persons— 
even new-born infants. This is due to traces of lead in 
the air we breathe and the food we eat. 

Foundry workers may have abnormal amounts of 
lead in their blood and urine but this does not mean 
that they have lead poisoning. The mere fact that they 
work in a brass foundry does not warrant a diagnosis 
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Fig. 4A (Above)—Typically Poor Illumination—Aver- 
age Intensity 3 Ft-Candles. Fig. 4B (Below)—Same Bay 
with Iliumination Increased to 10.5 Ft-Candles. 








H. J. WEBER 


of lead intoxication because they have a gastro-intestin- 
al upset. 

The writer has seen doctors make a diagnosis of lead 
poisoning on the basis of a single stippled cell even 
though stippling can be produced by other causes. 
The worst treatment we ever heard of was the prescrip- 
tion of two “shots” of whiskey every morning “to wash 
down” as the patient put it “all the lead dust from the 
throat.”” This is undoubtedly a pleasant form of treat- 
ment but of doubtful therapeutic value. 

A diagnosis of lead poisoning is untenable unless 
there has been significant exposure to respirable lead 
dust or fume. Such exposure must be well in excess of 
1.5 milligrams of lead per 10 cubic meters of air to be 
significant. Urinary lead excretion rates will be in ex- 
cess of 300 micrograms of lead per liter of urine (nor- 
mal is from 10 to 150), and the blood lead will be 
close to 100 micrograms per 100 grams of whole blood 
(normal average is 30) . 

Lead poisoning, unlike silicosis, can be treated and 
cured. It does not necessarily leave a permanent in- 
jury. But like silicosis, the best treatment is preven- 
tion. 

Because a brass founder never suffered from an epi- 
sode of lead intoxication, even though there was suf- 
ficient exposure, does not mean that eventually he will 
not be afflicted with the ravages of the disease. 

A case in point is a foundryman who was exposed 
for 38 years but never had a symptom or sign of lead 
intoxication. Finally the defensive mechanism of his 
body could no longer protect, and he suffered a para- 


lyzed ileus, wrist drop, halting walk, and severe anemia 
with marked loss of weight. Many blood transfusions 
were given but this man is unable to recapture his 
former robust health. 


Action Against Occupational Disease 


Now then, what specific steps can the small foundry 
adopt to stamp out occupational disease? 

1. Good housekeeping! Every plant can afford that. 
Clean out the years’ accumulation of dust and dirt 
from the superstructures and floors and keep it clean. 
One foundry removed 60 tons of dust from the super- 
structure. Another foundry decided to put in a con- 
crete floor in the core room. When the contractor 
came to lay the forms for the new floor, he found a 
perfectly good concrete floor about a foot under the 
dirt. 

2. Investigate the use of wetting agents. We suc- 
ceeded in reducing dust at a manual shakeout 85 per 
cent by using wet water on the flasks before shakeout. 
Sand so treated, according to the molders at least, pro- 
duced the best molding sand they had ever used be- 
cause it was uniformly moistened. Even a sand cutter 
or riddle as ordinarily used failed to do this. 

Wet water is most effective for moistening floors be 
fore sweeping. Ordinary water will cause mud and 
will not penetrate. One of the largest steel companies 
found that wet water penetrated as much as 3 ft into 
the sand, whereas ordinary water produced surface 
mud. 

In our own tests, cores soaked in wet water showed 
complete penetration of moisture, whereas in a com- 
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parable time ordinary water showed a skin penetration 
only. Obviously cores can be removed quicker and 
with less dust if they can be treated with wet water. 

Nozzles spraying a mist of wet water over a Royer 
have been very effective in allaying dusts. 

There is a possible application of wet water to sand 
mixers and mullers. This may save the cost of expen- 
sive exhaust hoods. 

Foundry windows can be washed quite easily with 
water treated with a wetting agent, provided there is 
no encrustation from the past years. 

3. Install good illumination. Figure 4A shows a 
typical foundry bay. The average illumination in- 
tensity was 3 foot-candles. Figure 4B shows the same 
bay after the average intensity was increased to 10.5 
foot-candles. Note the absence of glare. The illumina- 
tion levels in this bay have since been increased to 20 
foot-candles, the recommended minimum. 

4. If tonnage warrants the expenditure, a hydro- 
blast unit will pay for itself on a production basis and 
will reduce tremendously exposures to free silica. 

5. Install local exhaust systems. Originally these 
will be more expensive than overhead power ventila- 
tors but they will save their cost in the heating system 
if heat is required in the foundry. Overhead ventila- 
tors usually remove the dust and fume after it has been 
inhaled by the person most severely exposed and thus 
in his case, it does no good whatever. Gate burning is 
a typical example. Figure 5 shows the exposure to 
fume in spite of the overhead power ventilator. Figure 
6 shows how this condition was corrected by local ex- 
haust. These exhausted burning tables remove 100 
per cent of the burning fume. The burner in the pic- 
ture developed siderosis. 

Figures 7 and 8 show a possible cheap method of ex- 
hausting swing frame grinders. These are much less 
expensive than grinding booths. This type of exhaust 
reduced the dust concentration from 42 million par- 
ticles per cubic foot of air to 8 million. 

Figure 9 shows a section of sound-proofed exhausted 
chipping benches in a brass foundry. These are not 
expensive and they remove all of the toxic dusts when 
properly used. 

Figure 10 shows an exhaust hood on an electric 
furnace. There is no demonstrable increase in carbon 
costs or shortening of roof life. These units remove 100 
per cent of the furnace fume with a minimum amount 
of air. Overhead ventilators would draw six to ten 
times the amount of air required by the hood. This 
could be a serious factor where heating the foundry is 
a problem. 

Figure 11 shows how a No. 2 electric furnace was 
successfully hooded without power suction, allowing 
a gap in the stack for the overhead crane to pass 
through. 

These are some of the things a small plant can do 
to correct serious hazards to health. 

6. The services of the State Department of industrial 
hygiene are available to all plants at no charge. The 
state hygienists will survey your plants and make help- 
ful suggestions on how best to control your hazards. 
At least they will point out to you those operations in 





Fig. 5—Usual Method of Burning. Note Fume Ex- 
posure. 
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Fig. 6—Burning on Exhausted Table. 














Fig. 7—Swing-Frame Grinder Exhaust. 


your particular plant which are potential hazards to 
health. By taking a long range view, and correcting 
the worst conditions first, a plant can be eventually 
cleaned up without too great a strain on the financial 


budget. 
7. The small plant by all means, should check with 
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Fig. 9—Exhausted Sound-Proofed Chipping Benches. 


the State Rating Bureau. This agency fixes the insur- 
ance premium charged by your insurance carrier for 
occupational disease risks. Frequently a minor change 
in ventilation, working the shakeout crew at night, 
walling off the cleaning room, etc., will result in a 
reduced insurance rate per hundred dollars of payroll. 
The savings thereby effected may pay for a lot of venti- 
lation. 

8. Every small plant can have a first aid room with- 
out great expense. Besides increasing the morale of 
the men, it may result in reduced insurancce (Fig. 12). 

9. If a plant cannot afford a full time nurse, it is 
possible to get nursing service from the Visiting Nurses 
Associations. Two or three plants situated together, 
even though they are owned by different companies, 
may have nursing service by pro-rating the nurse’s sal- 
ary amongst themselves. 
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Fig. 11—Electric Furnace Gravity Hood with Stack Gap 


Fig. 10—Electric Furnace Hood. for Overhead Crane. 
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Fig. 12—Modern First Aid Room. 
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10. Pre-employment physical examinations and x- 
rays are very important both as a protection against 
payment for silicosis contracted elsewhere and as a 
guide to proper job placement of new employees. 

11.. Periodic (annual) physical examinations and 
x-ray of the chest are important, not only because they 
afford a good check on exposure to industrial illness, 
but they can be very helpful in some future litigation. 

In summation, it would be an expression of experi- 
ence to state that the greatest weapons against occu- 
pational disease are: (1) A willingness on the part of 
top management to correct bad conditions. Lip service 
is futile and is readily sensed by the line supervision. 
(2) Good housekeeping. In the home a man may spit 
on the floor in the basement, but he would not do it 
in the living room. In other words, if the foundry is 
already cluttered with dirt, what difference will a little 
more make? Cleanliness engenders further strides in 
housekeeping. And even the smallest and poorest plant 
can afford it! 


Reference 


1. J. W. Berry, M. D., “Aluminum Therapy in_ Silicosis,” 
American Review of Tuberculosis, vol. 57, no. 6, pp. 557-573 
(June, 1948). 


DISCUSSION 


Chairman: L. C. Witson, Consultant, Reading, Pa. 

Co-Chairman: J. R. ALLAN, International Harvester Co., Chi- 
cago. 

R. J. Worr:* I have observed that no matter how carefully 
the dust collecting equipment is installed in a foundry or any 


other industrial plant for that matter, unless ample maintenance 
is provided you might just as well not put it in, for in about 
6 mon it will not function properly. We go to great lengths to 
install the best dust collecting systems possible, and when we 
come back 6 mon or a year later we are told that the dust col- 
lecting system is not functioning. It does not take a very thor- 
ough examination to find out that nothing has been done to 
keep the system operating properly. I do not think it can be 
emphasized too strongly, this is an important problem that 
requires careful attention. 

I take avid exception to the idea of trying to force people to 
obey this or that safety rule. I have been connected with sev- 
eral different operating organizations, and found that where 
management was thorough and persistent in their support of 
safety campaigns, held regular safety meetings with employees 
and let them express their findings and criticisms of existing 
conditions, we did not have trouble getting employees to co- 
operate. 

Now, if you are just going to get lip service from manage- 
ment, put up a couple of posters and do not sell the super- 
visors, who are absolutely the key to the whole situation, you 
might just as well forget about the safety program. I do not 
think you need any laws. I think you need more common sense 
selling by management of the value to the employees of good 
safety and hygiene regulations. 

F. H. Houn:* I would like to ask Mr. Weber whether he has 
any experience with contact dermatitis resulting from the use 
of resin-bonded core sands. 

Mr. Weser: Yes. Resin is a primary irritant. You can expect 
it to produce dermatitis. 

Mempser: Has the author found siderosis prevalent among 
welders? 

Mr. WeserR: Yes, but not as prevalent as we find among 
grinders and burners. Siderosis was first discovered among 
welders who were working on clean iron jeep frames. There was 
no sand involved at all yet the x-ray films of their chests showed 
the typical nodular shadows. Since no sand was involved in the 
welding operation, it was difficult to explain the appearance of 
these shadows. This led to further investigation. One of the 
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affected men later died. An autopsy was performed. No fibrosi: 
or scarring was found but the iron deposits were proved to b 
present. 

Siderosis can be produced from any high concentration o 
iron oxide whether due to welding, melting in the electri 
furnace, cutting with an oxyacetylene torch, or grinding. 

H. A. Deane:* How do you determine which is the bes: 
thing to use, and how do you get the plants to go along with 
the suggestion? 

Mr. Weser: First of all, local foundry ventilation is empirical 
That is, it is experimental or experiential. We cannot reasor 
mathematically, for example, that a given exhaust hood will be 
the answer, but we know from experience on other trial installa 
tions, that it will probably work. We also know that there are a 
few basic laws of air movement that we can call on. We also 
know that it is a fundamental principle of engineering that local 
exhaust systems are preferable to general ventilation because 
they enclose the process itself. It is not good practice to allow 
a contaminant to become air-borne and then remove it by gen- 
eral ventilation. 

To get the cooperation of management requires a selling job. 
You have to sell management on the idea. You have to point 
out that a definite hazard is present and that something ought 
to be done about it. 

This is rather difficult when a plant is operating only four 
days a week, when the union is making exorbitant demands on 
a company that may not be making money at the time, and 
when workers have shown little appreciation for improvements 
made in the past. It is very hard for me under such: conditions 
to tell management that still better working conditions must be 
provided. Remember, however, that industrial hygiene is not a 
benefaction of management at all. It is just good business. 

If you do not have good plant hygiene, you soon will not be 
able to get workers. In fact, some cleaning rooms are now 
experiencing difficulty in attracting people. You may attract 
the floaters but you will not get the good men. Why should a 
good man work for $1.25 per hour in a Cleaning Room where 
the work is hazardous, hard, and dirty when he can find em- 
ployment at the same wage in clean environment. You will have 
to have good industrial hygiene to stay in business or you will 
have to mechanize and eliminate as many men as you can. In- 
dustrial hygiene is here and must be recognized just as the 
safety movement was forced on business. 

Years ago when a man was injured, he had to accept the in- 
jury as part of the job. Now, the State law protects him. Whether 
he deliberately injures himself or not, you will still pay for it 
today and the State laws are going to protect him even further 
by increased benefits. These are some of the things I tell 
management. Industrial hygiene in the not too distant future 
will be made a part of the union contract. 

I think these are good reasons for management to clean up 
their plants. 

T. S. Aspotr:* We had a grinder dust collection problem a 
short time ago. Our State code states that we should have velo- 
city pressure at a pick-up point equal to 2 plus the specific 
gravity of the material divided by 4. This works out fine for 
silica; that runs around 2.7 in. which is within reason for nor- 
mal blowers and duct systems. In our nonferrous cleaning room, 
we are trying to design a duct system to pick up the powdered 
metal from grinding and this formula results in over 4 in. of 
pressure. This is out of the question at the opening of an ex- 
haust point. How would you treat that requirement? Do you 
have a problem like that? 

Mr. WeseER: This is a good example of the inadequacy and 
inflexibility of State codes. I run into it quite often. To me, 
such formulae are no measure of the efficiency of a collector. 
A collector is effective if it prevents the worker from breathing 
the contaminant, regardless of the static pressure or the velocity 
or anything else. The State should limit the concentration of 
contaminant and it is then up to us to meet that limit by any 
measure that satisfies the State’s requirement. 

The Illinois Code says that mullers must be exhausted. The 
inspectors will insist on it even though no hazard is involved. 
If the dust count is down to two million particles per cubic foot 
even though a muller is involved, why should we exhaust it? 
There is no hazard there in the first place. That is my thought 
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on State codes. 

Co-CHAIRMAN ALLAN: I am interested in the paper “Attract- 
ing and Keeping Good Men in the Foundry” by G. E. Tubich 
(page 281) as well as this paper “Industrial Hygiene in the 
Foundry” by H. J. Weber. The greater part of the text is a 
resumé or cross-section of numerous papers that have been given 
before these conventions for the past 18 years. 

Mr. Tubich’s paper is particularly significant because he is 
not a foundryman. I want you to get that. He is not a foundry- 
man. He represents a State regulatory authority with police 
powers, but he has come here to give you constructive criticism 
of an average foundry. He is not talking about all foundries, 
but he is talking about the average foundry that he finds and 
he is telling you his observations, not with the eyes of a found- 
ryman. There is still a big job to be done. I think we all realize 
that. The war rather stopped this effort. We pleaded we did 
not have the man power and we could not get the materials. 
Since the war, we have been busy making castings and getting 
plants built and we have not done possibly as much as we should 
have, but nevertheless a lot of good work is being done. 

Many of us did not clean up our shops yet and we are step- 
ping into a new picture that is going to bother you more than 
the old one. In this evolution taking place, you not only will 
have to clean up the inside of your own shop, but you will 
have to help clean up your city atmosphere. That is definitely 
on the way now. 

Here in St. Louis, you have seen a lot of publicity about the 
effectiveness of their smoke and air pollution ordinance over a 
good many years. They have a very rigid ordinance with a lot 
of teeth in it. Indianapolis has just gone through a session in 
the State Legislature on atmospheric pollution. Cleveland has a 
very competent smoke inspector and they are now starting to 
make a city survey on air pollution. 

In Chicago, there is a large committee of the Industry and 
Chicago Association of Commerce devoting a lot of energy and 
cooperating with the city on air pollution matters. It happens 
in Chicago, their smoke ordinance is an ordinance designed and 
asked for by industry, not by the regulatory authorities, a very 
workable ordinance, but we have not gone too far with it in 
really cleaning up the city atmosphere. 

We have a very strong committee now organized representing 
the Foundry Industry and working with other industries in the 
area. Industry in the Chicago area are considering a rather 
large expenditure of money to study the gaseous pollution of 
the general atmosphere which will probably take about three 
years to make. We do not want a Donora, Pa. incident there 
nor do we want a Los Angeles situation which is becoming 
rather critical. 

So it is not enough just to get the dirty atmosphere cleaned 
up within your shops and you cannot throw it outdoors any 
more. It means that you must use more dust collection ap- 
paratus. This would even involve the electric furnace and it 
will probably be necessary to collect the smoke arid fume rather 
than let the atmosphere impurities drift out of doors. 

I would like to discuss some of the things that the U. S. Public 
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Health Department is thinking about. We talk about the in- 
juriousness of general city atmosphere pollution. We do not 
know much about the harmful effects. Medical men tell you 
they do not know. We do know that there is some evidence that 
the lives of people living in industrial areas is shortened whether 
they work in the plant or live in the neighborhood. That is 
what we intend to find out in Chicago, starting in with a 3-year 
study of gases and tetraethyl lead. Other solid matter and 
nuisance propositions studies will come at a later date. We 
know all of these air pollution things, no matter how small in 
amounts, are not particularly conducive to longevity. 

We have the United States Health Service working with us. 
We are going to have them help us determine what some of 
these concentrations that we find mean in terms of life. You 
folks in industry can therefore see that you still have a job 
ahead of you, both within and without the plant. 

There were two or three points brought up during the discus- 
sion that are pertinent. The question was asked, “Why can’t 
we make the employee do something about using safety devices 
provided him?” In many States, the State Constitution does not 
permit you to make an employee do anything. It is true in 
Illinois. I think it is probably true in many States. New York, 
I believe, is in reverse. The whole job is on the shoulders of 
the employer, the owner of the business. You cannot make an 
employee do anything. You have to guide him, educate him. 
You have to put the equipment in there, and above all, you 
have to maintain it and teach him how to use it or it is no good. 

In regard to illumination, some of these illumination stand- 
ards recommended to us have been developed by the utility 
company men and the lamp manufacturers. They call for too 
high a concentration. They produce an eye strain. They have 
gone too far. In several of the plants we have put in in post- 
war days, we have used foot-candle level of 20.3 maintained 
foot-candles. That, of course, means the type of lighting you put 
in is a little above that because you have a certain amount of 
lamp depreciation, but we find that 20.3 foot-candles in foundry 
molding areas, mill room, core room, etc., will give you a very 
effective light, and there will be no eye strain connected with it. 

Now, there is something else that is coming, probably may 
appear in the code books of one of the States this year. It is 
demanded by labor and that is that all manufacturing areas be 
acoustically treated, and that applies to the foundries because we 
have vibrators, jolt machines, cleaning equipment, all of them 
creating noise. We have steel roofs, concrete decks, and other 
hard non-noise absorbing construction. These surfaces will have 
to be insulated with some kind of fibrous material to reduce the 
amount of noise. Labor is asking for it and we believe they have 
a right to demand it, because there are many compensation 
cases today based on shattered nerves. 

We talk about this labor unrest. A lot of us think it is 
merely a matter of wages. It is not wages alone, probably only 
a small part of it. Probably they do not know just what it is 
all about and what they are asking for, but certainly clean 
shops, decent working conditions, decent rest rooms, toilet rooms 
and locker rooms are a part of that unrest. 











D. J. Reese, Metallurgist 
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DucriLeE CAST IRON may be produced in prac- 
tically any reasonably well controlled steel, gray iron 
or malleable iron foundry. It can be made economic- 
ally, with assurance and without hazard. It may be 
melted and is being melted in all types of melting 
furnaces used in the foundry industry. This new 
material and cupola melting make a good team. Its 
engineering and physical properties are closely asso- 
ciated with the matrix structure; for example, the as- 
cast ductility of a completely ferritic matrix is high 
and decreases with increasing amounts of pearlite. 

Any of the conventional methods for heat treating 
ferrous materials are applicable to ductile iron. This 
material is not sensitive to section size. In cast iron, 
for example, a 3.5 per cent carbon and 2.75 per cent 
silicon chemistry would be designed for very light 
sections, say 14-in., and would be wholly unsuited to 
2-in. or 20-in. sections, assuming of course that a 
quality material is desired in all sections. A ductile 
iron of 3.5 per cent carbon and 2.75 per cent silicon 
may be used in either a 14-in. or 20-in. section. 

A malleable iron of 2.5 per cent carbon and 1.0 
per cent silicon might well produce primary or flake 


Influence of section thickness on mechanical properties 


of a cupola iron of percentage composition: C, 3.27; 
Si, 2.40; Ni, 2.01; Mn, 0.62; P, 0.15. 
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SYMPOSIUM ON : 
NODULAR GRAPHITE CAST IRON 


graphite in 2-in. sections, while in ductile iron a much 
higher carbon and a much higher silicon would no‘ 
produce flake graphite though the sections were many 
times 2 in. The engineering properties of this new 
material are influenced by mass. Strength and ductil- 
ity are greater in l-in. sections than in 20-in. sections. 
This influence of mass is approximately the same as it 
is in other engineering materials. 

The hardness of ductile iron is about the same as 
for malleable iron or for cast iron with equivalent 
conditions of chemistry and annealing: There are 
some qualifications to this statement which wiil be 
developed later in the discussion. It is possible to 
vary the hardness of ductile iron over wide ranges. 

Ductile iron is superior in machinability to mal- 
leable iron or cast iron at equivalent levels of engineer- 
ing properties. This might be said in another way; 
the machinability of ductile iron under equivalent 
conditions of chemistry and treatment is superior to 
malleable iron or cast iron. The machinability of 
ductile iron is very good when the level of engineering 
properties is greatly in excess of the properties attain- 
able in malleable iron or cast iron. 

A 375 BHN ductile iron has been machined where 
a 275 BHN cast iron presented difficulty. A number of 
the ductile irons exhibited at this meeting have ma- 
chined surfaces, and an examination of these surfaces 
will show the high quality of the finish. The exhibit 
includes two plates, one of flake graphite cast iron and 
the other of spheroidal graphite cast iron, and the 
superiority of the latter in the machined surface is 
apparent. 

We have run comparative mechanical wear tests on 
flake graphite and spheroidal graphite irons of the 
same chemistry. Our observations for the amount of 
work we have been able to do thus far permits the 
statement that mechanical wear resistance on sphe- 
roidal graphite irons is at least as good as it is with 
flake graphite irons. 

Growth tests on spheroidal carbon iron have also 
been conducted. In this test we heat the material to 
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1650 F, hold for one hour, cool to room temperature, 
and repeat this cycle over and over, usually 100 times. 
Where flake graphite irons grow appreciably and 
nickel-chrome alloyed flake irons grow considerably 
less, the spheroidal graphite irons grow still less. 


Thermal Tests in Progress 


Spheroidal carbon irons are on test in applications 
involving thermal shock, such as a die in an aluminum 
die casting operation, or an ingot mold in a copper 
refinery, and as an ingot mold for alloy steel. Although 
some of these parts were made in the summer of 1948 
and early in 1949, they are still in service and we will 
not be able to appraise service performance until their 
service life has run its course. 

Corrosion tests are underway in a wide variety of 
conditions, but it will not be possible to report on 
this study for quite some time. 

Among the materials exhibited at this meeting are: 

1. Sections of 8-in. cast iron pipe with 0.42-in. wall 
sections of both regular flake graphite iron and of 
spheroidal graphite iron. These pipe have been pres- 
sure tested to destruction and data on the test are 
noted on the pipe. Acceptance tests on cast iron pipe 
require an 18,000 psi minimum tensile strength in 
the wall. The ductile irons approach 50,000 psi. The 
twisted specimens of ductile iron were made from 
sections machined from the spheroidal iron pipe. 
These pipe were made by the De Lavaud process in 
which metal is poured into a metal mold. 

2. A piece of ductile cast iron chain is on display. 
This chain has been tested with a static and impact 
load, and photographs of the test are shown. The rod 
diameter of the chain is 34-in. My only knowledge of 
cast iron being used for a chain was in the Revolu- 
tionary War when a cast iron chain was reported to 
have been put across the Hudson River at West Point 
to keep the British fleet from going farther up the 
river. The piece of-chain on exhibit is not intended 
to suggest an application for ductile cast iron but to 
span that 175-year gap from Revolutionary War days 
to the real drama of this technological advance. 

3. The tool chips exhibited are: (a) from flake 
graphite iron; (b) from as-cast spheroidal iron; and 
(c) from annealed spheroidal iron. 

4. Some castings exhibited have been broken up so 
that they may be inspected for section variation, in- 
ternal or external defects, and the appearance of the 
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fracture. Some of these castings were made from pat- 
terns designed and used for malleable iron. Others 
were made from patterns designed for flake graphite 
cast iron. 

We had hoped to have some parts designed for 
spheroidal carbon irons replacing materials produced 
by other industries, but the producers could not spare 
any at this time. 

Thus far the largest amount of spheroidal iron pro- 
duced in one foundry in one day. is 50 tons. It would 
seem that this figure of 50 tons comes close to answer- 
ing two questions: first, is the process reasonable in 
cost; and second, is the process now commercial? 
About the largest number of heats that any commer- 
cial foundry has made to date is 50. From the en- 
gineering point of view, this foundry advises that 
none of their applications of ductile cast iron have 
been where cast iron was used formerly; numerous 
applications have been made where materials pro- 
cessed by other industries have been used. 

The spheroidal form of carbon may be attained by 
the magnesium-treatment process irrespective of the 
amount of phosphorus or sulphur present in the iron. 
The influence of phosphorus on the engineering 
properties of ductile iron parallels the influence of 
phosphorus in all ferrous metals. Highest engineer- 
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ing properties are obtained in low phosphorus fer- 
rous materials. Ductile iron can be produced whether 
the sulphur is as low as 0.025 per cent or as high 
as 0.25 per cent. 

Ductile irons have been produced from cupola metal 
when the cupola charge has been made up of: (a) 100 
per cent pig iron; (b) 100 per cent steel scrap; (c) 
100 per cent sash-weight scrap; and (d) with a wide 
number of regular charges varying in amounts of pig 
iron, steel scrap and cast scrap. Without exception, 
whenever we go into a foundry to supervise and in- 
struct in the production of magnesium-treated cast iron, 
we always select the lowest grade iron this foundry 
produces for the base iron of the process. 

Some concern has been felt as to whether the alloy 
residual in foundry returns from spheroidal graphite 
iron production would ultimately build up in the 
over-all melt to an undesirable level. There need not 
be an introduction of alloys such as nickel, molyb- 
denum, copper, and chromium by this process, so the 
problem of alloy residual in returns is not created. 


Spheroidal graphite in annealed sand casting. 


Introduction of the magnesium-treated cast iron 
process is not quite so simple as pressing a stop button 
on current cast iron or malleable iron production and 
pushing a start button on the ductile iron process. 
The shrinkage characteristics of ductile iron are greater 
than cast iron of the same chemistry, and less than 
malleable iron. A cast iron foundry successfully pro- 
ducing pressure types of castings, such as valve bodies, 
has developed adequate experience in gating and riser- 
ing to match inspection pressure test requirements. 

Ductile iron parts have been made from such pat- 
terns without change. Where the pressure test has 
been 100 Ib on the flake graphite iron the pressure 
test on the ductile iron has been 900 Ib. The average 
foundry would have to acquire some of the gating 
and risering experience of the foundry producing pres- 
sure work before they would become fully skilled in 
producing completely satisfactory component parts. 
As the solidification characteristics of ductile iron dif- 
fer considerably from malleable iron, a sufficiently 
gated and risered malleable pattern might not produce 
sound ductile iron castings as there could be reverse 
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feeding from casting to riser. That is, some of the 
risering provisions for malleable would have to be 
removed for ductile iron. 

Ductile irons do not require special molding sands. 
In all of the foundries that we have worked in to date, 
we have used whatever natural or synthetic sands they 
had been using for the parts and the various types of 
metal involved. If a foundry has been producing de- 
fective castings due to poor control over molding 
sands, they will also produce defective ductile iron 
castings. We have superimposed the magnesium-treated 
cast iron process without change in available facilities, 
man power, skills, metal distribution system, or raw 
materials such as furnace and ladle refractories, on 
the foundry’s normal methods of operation. 

What are the impacts of this development on the 
foundry industry? In 1948 the ferrous foundry indus- 
try produced approximately 1514 million product tons 
of component parts in steel, malleable iron and cast 
iron. In round figures, the steel industry produced 
6114 million product tons of finished and semi-finished 
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steel. The total product tons of the foundry and steel 
industries of ferrous materials would be something 
like 77 million product tons, of which 20 per cent 
represents foundry and 80 per cent industry production. 

If America were to remain static in its industrial 
growth, one could forecast that the 20 per cent foundry 
portion of this huge industrial pie would increase, 
while the 80 per cent steel portion would decrease. 
Note that a small shift of 1 or 2 per cent toward the 
foundry would mean as much as 114 million tons. 
However, there are two more important factors to 
consider; first, America is not a static industrial nation 
and the 77 million product tons of ferrous materials 
produced last year will be dwarfed in some period 
still ahead, and second, when a new engineering 
material emerges from the mind of man and fits the 
pocketbook of the ultimate consumer new horizons 
are established for industrial America. 

When steel, synthetic rubber, shatterproof glass, 
plastics, aluminum, magnesium and a host of other 
engineering materials became available, they did not 
replace the older materials—they opened up new hori- 
zons of opportunity and most generally carried the 
use levels of the older materials to still higher levels. 


Effect of gradually increasing proportions of spher- 
oidal graphite on fracture appearances of cast iron. 


Of course, competition of materials and industries 
became keener but the size of the industrial pie grew 
at a faster pace. 

As ductile iron is well adapted to foundry processing 
techniques, one might forecast that the lion’s share of 
a growing industrial pie would move toward the 
foundry rather than its competitive industries. I think 
I would be quite conservative in estimating a possible 
20 million product ton performance for the foundry 
industry at some future time when the business con- 
ditions of 1948 are approximated or exceeded. 

What does the impact of this technological develop- 
ment pose for the malleable foundry industry? In a 
sense the real answer to this question resides with the 
malleable foundry industry. I would say that the im- 
pact right now poses a bit of a headache for the in- 
dustry, but the long view is definitely beneficial. The 
malleable foundry industry can, and is, utilizing this 
technological advancement. 

For almost 125 years the basic plan for producing 
blackheart malleable iron has persisted without radical 
departure from it. This does not mean that there has 
not been continuous progress in the melting, foundry, 
production and annealing techniques for malleable 
iron foundries, nor that radical departures without full 
development of the basic plan are always progressive. 
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The basic plan for blackheart malleable iron has 
been concerned with: (a) rigid adherence to chemistry 
requirements close to 2.5 per cent carbon and 1.0 per 
cent silicon; (b) sections limited to producing a white 
iron in sand molds; (c) low yields of salable product 
per unit of hot metal produced; (d) high percentages 
of man power, expense and floor space required to 
process after casting; (e) large amounts of capital 
tied up in materials in process; and (f) prolonged 
deliveries which are often out of phase with high speed 
industrial operations. Magnesium-treated cast iron 
procedures can modify all these factors appreciably. 


Malleable Foundry Industry Production 

Although I have never seen a statistical summary 
of the number of component parts made annually in 
the malleable foundry industry, I would estimate that 
this industry produced something more than 500 mil- 
lion and as much as 2 billion individual castings dur- 
ing 1948. No other segment of the foundry industry 
is currently geared to this level of know-how on high 
production of small parts. Should the malleable 
foundry industry be confronted with a temporary 
headache, I would suggest that it may stem from the 


Left—Gray cast iron, flake graphite. Right— Ductile 
cast iron, spheroidal graphite. 


integrated companies operating captive foundies and 
mainly in the automotive, agricultural equipment and 
electrical industries. 

Earlier in this discussion it was stated that with cer- 
tain qualifications the hardness of ductile iron, malle- 
able iron and cast iron would be about equal with 
equivalent chemistry and heat treatment conditions. 

Some foundries have made both nodular iron by 
annealing white iron and spheroidal carbon iron by 
the magnesium-treated process. These companies know 
that the attainable engineering properties of ductile 
cast iron are greater than those attainable in nodular 
carbon iron. There are several fundamental reasons for 
this: first, there is a great difference between spheroidal 
graphite and nodular graphite; second, a broad utiliza- 
tion of silicon as an alloying element becomes opera- 
tive; and third, manganese becomes an important 
alloying element in a low-sulphur iron. 

Boegehold assessed the ultimate strength of pure 
ferrite at about 36,000 psi, and the value of silicon 
in silico-ferrite at 12,000 psi per 1 per cent silicon. Ap- 
proximate ultimate strengths of 1, 2 and 3 per cent 
silicon containing silico-ferrite would be 48,000, 60,000, 
and 72,000 psi, respectively. 

Most of the ductile irons we have made to date had 
yield strengths in excess of 60,000 psi. Many foundry- 
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men will recall the real problems of meeting army 
ordnance requirements of 42,000 psi minimum yield 
on malleable iron a few years ago. Where these require- 
ments were met, they were met by alloying or special 
heat treatments. Had the malleable industry had the 
magnesium-treated process available then it would have 
met yield strength requirements quite readily. 

If we ask the question, “Can blackheart malleable 
be produced by the magnesium-treated process?” the 
practical answer could be “yes and no.” If by black- 
heart malleable we simply mean a black-fracture ma- 
terial, the practical answer would be “no” because 
nodular graphite and spheroidal graphite are quite 
unlike. The fracture of spheroidal graphite iron is 
metallic. However, if by blackheart malleable is meant 
a material that can be produced to superior levels of 
yield strength, elongation and machinability, the prac- 
tical answer is “yes.” 

Any technological development must match definite 
economic limitations if it is to achieve practical use. 
How much does it cost to produce magnesium-treated 
cast iron? Any remarks I make on this subject are con- 
fined to the direct costs of the producer and do not 
consider his overhead, selling expense and profits and, 
consequently, are not translatable to the consumer 
without due consideration to these factors. As ductile 
irons may be produced from smelting as well as melting 
operations, the cost per unit of hot metal will vary 
with the particular base line we may have in mind. 

Costs per unit of hot metal vary with such factors 
as tonnage produced, type of melting furnace, geo- 
graphic location, cost of available raw materials, in- 
cluding fuel and type of metal produced. For example, 
the ‘cost per unit of hot metal in a cupola operation 
melting 1000 tons per day and located in an area of 
broad availability of raw materials could be greatly 
different than the cost per unit of hot metal in a 


foundry melting one ton of a special grade of malle-_ 


able iron. Limiting our immediate consideration to 
melting operations and to the primary objective of 


Flake Graphite Iron 


Photomicrographs of same base iron 
showing transformation of graphite 
from flake to spheroidal form. 


Spheroidal Graphite Iron 
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producing spheroidal graphite instead of flake or 
primary graphite and not making adjustments for 
using lower cost raw materials or achieving additional 
objectives other than spheroidal graphite, techniques 
are now in use that amount to $5 per ton of hot metal. 

It is not inconceivable that full utilization of these 
techniques would result in over-all costs equal to or less 
than present costs. Of course, achieving additional 
objectives would increase the costs above the figure 
mentioned. Probably the broad scope of cost con- 
sideration ranges up to $20 per ton of hot metal, but 
in the final analysis how do we compare costs on a 
cast iron of 20,000 psi with one of 200,000 psi, or a 
cast iron with no ductility with one having 25 per cent 
elongation, or with a malleable iron of 35,000 psi yield 
strength and a ductile iron of 70,000 psi yield strength? 
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American Cast Iron Pipe Co., Birmingham, Ala. 


In the February, 1949, issue of AMERICAN FouNp- 
RYMAN (pp. 30-37) we had an article entitled ‘“Produc- 
ing Nodular Graphite with Magnesium.” We would 
like to take this opportunity to elaborate on some of 
the points discussed in that paper, and to modify some 
of the tentative conclusions. 

For one thing, we indicated that the use of a graph- 
ite inoculant after the magnesium addition would 
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cause a reversion to flake graphite, which it did in 
several instances. However, we have since found that 
this is not always the case. For example, an experi- 
mental heat of induction melted iron of percentage 
composition: T.C., 3.70; Si, 2.90; S, 0.04; P, 0.03; 
Mn, 0.03, was covered in the ladle with a 1-in. layer 
of granular graphite and a pure magnesium rod in- 
serted into the metal through the graphite layer. The 
0.85 per cent magnesium addition gave 0.056 per cent 
magnesium in the metal for a 7 per cent recovery. 
Ferrosilicon was added and both the FeSi and the 
graphite stirred into the metal. 

Cast in a keel block with 1-in. section coupons this 
metal had 179 Bhn and was completely nodular, with 
at least 90 per cent ferrite in the matrix (Fig. A). The 
as-cast ductility was the best that we have obtained. 
The as-cast and annealed properties were: 


Tensile _— Yield Elong- Red. of Mod. of 
Strength, Point, ation, area, Elasticity 
1000 psi 1000 psi % in 2 in. 4 Bhn 10° = 
75.6 51.1 18.6 15.1 179 3 
(annealed at 1350 F for 1 hr and air-cooled) 
71.5 50.0 23.4 26.1 163 22 


With the low hardness and good ductility obtained in 
the as-cast condition, we would not need to anneal 
this iron ordinarily. 

The foregoing properties show that graphite-base 
inoculants are not always fatal to the process, and if we 
tended to infer this in our publication we apologize to 
the proponents of these inoculants. 

Also in the paper referred to we showed a test on the 
effect of holding time which was somewhat alarming. 
We remarked the need for more data on cupola irons. 
The questions of shrinkage and fluidity in these 
treated irons were more or less glossed over. We be- 
lieve that these points can be clarified to a large 
degree by describing one of our latest production casts. 

The base iron was cupola melted and was of the 
following percentage composition before treatment: 
T.C, 3.80; Si, 2.12; S, 0.091; Mn, 0.37; P, 0.07. 

The cupola was tapped into 1000-lb ladles. When 
each ladle was about 1/3 full a 13-lb addition of 
70 per cent copper-magnesium alloy was made. We 
realize that this is not the best all-purpose magnesium 
alloy, but it is the one with which we had the most 
experience at that time. The ladle was allowed to fill 
to the 1000-lb mark and conveyed to the casting floor. 
Just before casting 0.50 per cent silicon was stirred in 
and the ladle skimmed. The composition after treat- 
ment was 2.79 per cent Si, 0.022 per cent sulphur, and 
about 0.04 per cent Mg. One-in. diameter test bars 
and spectrographic samples were cast from the first 
and the last iron from each ladle. Pouring of each 
ladle required from 11 to 12 min, but in no case was 
there any significant change from first to last iron in 
any ladle. 

Tensile strengths for three consecutive ladles were 
as follows: 


1000 psi 

Ladle No.1 } fast iron <. 2. soso. 94 
re 94.2 

Ladle No. 2 ; ere oer yes 94.0 
ef eae erry 106.8 

Eadie Me. 3 fF: Wt BO osc eccnssnvecs 109.3 


(Bhn as-cast about 255-262) 
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Having obtained high strength nodular iron from 
the first iron and the last iron from each ladle, we.are 
assured that the castings poured in between are also 
completely nodular. Keel block tests from ladle 2 
showed only 3 per cent elongation as-cast with 95,000 
psi tensile strength but: 


Tensile Yield Elong- Red. of 

Strength, Point, ation, area, 

1000 psi 1000 psi % in 2 in. % Bhn 
70 50 22 22 170 


after anneal at 1650 F for | hr, cool to 1350 F, hold 
for | hr, and air cool. 

Several plate castings were entirely unfed by risers 
but with this high carbon iron showed no detectable 
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Fig. A—Structure of nodular graphite iron with as- 
cast matrix almost completely ferritic. Nital etch. X100. 


shrinkage. The fluidity was surprisingly good; with 
about 2450 F average pouring temperature even 1,-in. 
diameter vent holes were run to form “knitting 
needles” 8 in. long. 

This cast answered several questions for us: (1) that 
we could treat cupola metal from ladle to ladle to 
give consistent properties (this was by no means the 
only time) ; (2) that we could hold the metal as long as 
15 min without loss of the effect; (3) that with high- 
carbon base iron, neither shrinkage nor fluidity was a 
serious problem. 


Gosta Vennerholm, Metallurgist 
Ford Motor Co., Dearborn, Mich. 


The progress made during the past few years toward 
the realization of the foundrymen’s dream, as-cast 
malleable iron, is indeed encouraging. 

The presence of primary graphite nodules in cast 
irons has been observed frequently over the years, 
particularly in conjunction with highly under-cooled 
structures exhibiting inverse chill, and at times has 
been referred to in the literature. It is of interest to 
note, for instance, that as far back as 1914 Johnson 
reported in the Bulletin of American Institute of 
Mining Engineers that by melting ordinary pig iron 
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with spongy highly oxidized iron a pronounced im- 
provement in strength was obtained, which he attri- 
buted to “the presence of oxide of iron causing the 
graphite to separate in nodular form instead of in 
plate or flakes as is common in the weaker irons.” 


Not until the findings of the British Cast Iron , 


Research Association were made available, however, 
in early 1947 and more fully in February 1948, did we 
suddenly realize that a method had finally been found 
by which the production of nodular graphite in the 
as-cast state in cast iron could be controlled at will. 


Many Research Projects Started 


‘The interest aroused was intense, and it is only 
natural that in many laboratories throughout the 
foundry industry various research projects were begun 
to learn more about this development. Relatively little 
of the findings resulting from this work has appeared 
in the literature to date, but the topic of nodular 
iron seems to be uppermost in everybody's mind. It is 
only natural that the lack of factual data as to the 
potential possibilities of these irons has, in many 
instances, led to misunderstanding and faulty conclu- 
sions, which if not corrected at an early date may 
hinder progress. 

Although we at Ford’s are not yet using nodular 
iron, an intensive research program has been under 
way for a considerable length of time in which over 
100 heats involving nearly 1000 variations have been 
made while investigating 35 different alloy additives. 
All the answers are not yet at hand, but I believe that 
the time has come when we may well stop for a mo- 
ment and take stock of our findings. 

The frequently expressed thinking that cerium, 
magnesium, or similar treatments present a clear-cut 
method which i§ applicable to any type of cast iron 
and will result in high strength and high ductility 
requires some clarification. 

When conventional cupola iron with a phosphorus 
content of around 0.15 to perhaps 0.30 per cent and 
the manganese in the normal range of from 0.50 to 0.90 
per cent is treated with magnesium to produce nodular 
graphite, a great increase in the strength results. How- 
ever, such a material can hardly be called ductile as 
under those conditions the ductility does not exceed 
1.5 per cent. 

A study of the factors affecting the ductility has 
shown that both phosphorus, and to a lesser extent 
manganese, seriously influence the same. It therefore 
becomes evident that if ductile irons in the as-cast 
condition (and we are now speaking of from 6 to 9 
per cent) are to be produced, this will require special 
raw materials low in phosphorus and manganese. 


Critical Analysis Needed 


Aside from the foregoing considerations, a very low 
sulphur content is a prerequisite for the formation of 
nodular graphite. As this is not inherent in conven- 
tional cupola irons, special means must be used. From 
this, one can only conclude that before we dash head- 
long into the manufacture of nodular cast iron, a 
critical analysis of engineering properties, manufactur- 
ing methods, and the economic factors must bé made. 





NopuLaR GRAPHITE CAsT IRON 


Although the engineering properties of nodular 
irons are not as yet fully evaluated, such irons give 
promise of being specialty materials with unique 
characteristics which are bound to find numerous 
applications; indications are that these irons will 
supplement rather than replace the present alloys. 

The physical properties developed in these irons 
are dependent upon the type of structures produced. 
Conventional cupola irons with a normal phosphorus 
and manganese content, when magnesium treated, 
will show a fully pearlitic matrix with nodules inter- 
spersed. Tensile properties of from 80,000 to 105,000 
psi are readily obtained in this manner, although the 
ductility, as already mentioned, is rarely over 114 per 
cent. However, a number of applications are at hand 
for irons exhibiting such properties and more, no 
doubt, will be found (Fig. 1). 

Manufacture of these irons does not present any 
serious problem, but the relatively large amount of 
sulphur (0.10 to 0.12 per cent) does require excessive 
amounts of magnesium additions which greatly add to 
the cost as well as the hazards involved, unless the 
sulphur is partially removed beforehand by soda-ash 
treatment. This process is somewhat erratic, making 
the calculation of the exact amount of nodulizing 
agent required difficult. Experience to date has indi- 
cated that the ductility is adversely affected by un- 
necessarily large magnesium additions. 


Blast Furnace Iron Used 


It is of interest to note that we have been able to 
circumvent high sulphur content by using direct blast 
furnace iron of the following analysis: C, 3.80-4.10 per 
cent; Mn, 1.00-1.25 per cent; Si, 1.25-1.50 per cent; 
P, 0.22 per cent; S, 0.04 per cent. The physical proper- 
ties obtained in this manner equal those of the cupola 
iron discussed earlier (Figs. 2 and 3) . 

Where the engineering requirements call for higher 
ductility than that obtainable with conventional 
cupola iron analysis, it becomes necessary to use spe- 
cially selected raw materials in order to achieve the 
desired low phosphorus and low manganese contents. 
Such irons exhibit somewhat lower tensile properties, 
but show an appreciable increase in ductility. 

The various limitations present in the processes 
described can be greatly minimized by utilizing electric 
or similar melting units, in which the pertinent ele- 
ments can be controlled to much closer limits (Fig. 4) . 
As a result, greatly improved physical properties have 
been obtained in this manner and we can say here that 
we are dealing with truly ductile materials comparable 
in the as-cast condition with pearlitic malleable, and 
after short-time heat treatment with ferritic malleable. 

A typical such iron of the following analysis: C, 3.72; 
Mn, 0.33; Si, 1.98; P, 0.02; S, 0.019 per cent, treated 
with 0.35 per cent magnesium in a 50:50 magnesium- 
copper alloy exhibited physical properties as indicated 
in the as-cast condition: 


CIS DNs 6 a 25 F555 oo. she resaen 80,000 
gg Tr ee eee 60,000 
Elongation in 2 in., per cent................ 8 
EE WI ok athe coat a cat hgiaate 192 


It is of great interest to note that these irons are very 
susceptible to low-temperature short-cycle heat treat- 
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Fig. 1 (above and right)—Microstructures of 
blast furnace iron which was treated with 
50:50 Mg-Cu alloy. Nital etch. 
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Fig. 2 — Microstructures 

of cupola iron which was 

treated with 50:50 Mg- 
Cu alloy. Nital etch. 
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Fig. 3—Microstructures of blast furnace pig 
iron remelted in electric furnace and treated 
with 50:50 Mg-Cu alloy. Nital etch. 
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ment. The above-mentioned iron, after a heat treat- 
ment of 2 hr at 1320 F, had the following properties 


(Fig. 5): 
Tensile Strength, pei. ....5.. 2s cccccsescveces 60,000 
rere treet. 42,500 
Elongation in 2 in., per cent............--.. 16 
ED UND 6.35 55.6 dnc owictacvnensomenes 138 


When heated for 5 hr at 1750 F and cooled to 1320 
F at the rate of 200 F, and held at 1320 F for 2 hr, the 
properties were as follows: 


Tensile Strength, psi..........-ccceceseeees 56,000 
EE Sree 40,000 
Elongation in 2 in., per cent...............- 18 
BT PINOT 5 5 cova no ceveciveccessecens 131 


This indicates that little, if anything, was gained by ~ 


the lengthy heat treatment. 

If we now view the economic aspects of these various 
manufacturing methods, we may summarize our cost 
data as follows: 


%S %Mg Mg Cost? Total 
(50/50 Cost Conver- Alloy 
Cu Mg) Ton sion/Ton & Con- 





Required version 
Cupola Iron 0.12 0.7 11.20 5.40 16.60 
Molten Basic 
Blast Furnace 0.04 0.5 8.00 2.20 10.20 
Cold Melt Electric 0.03 0.3 4.80 10.60 15.40 
(low sulphur) 


1Cost of magnesium alloy assumed 40c per pound. 

24. W. Gregg, “Iron Melting Costs in Cupola and Electric 
Furnace,” The Foundry, Feb. 1949. 

From this analysis it will be noted that the electric 
furnace may compete economically with the cupola as 
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Fig. 4—Low phosphorus, low 
sulphur and low manganese 
iron which was melted in elec- 
tric furnace and treated with 
50:50 Mg-Cu alloy. Nital etch. 














Fig. 5 (right)—Microstruc- * 
ture of the same iron shown a ; 
in Fig. 4 after 2-hr heat ._ 
treatment at 1320 F. Nital -@g@™ > 
etch. 2 
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PEARLITIC MALLEABLE 








Cost 
Method of Conver- Heat Total Advantage 
Manufacture sion Alloy Treat 
Conventional Cupola- 

Air Furnace 760 —— 9.00 16.60 
Spherulitic-Cupola 5.40 11.20 -—— 16.60 } Allows the use 
Spherulitic-Electric of material in 

Furnace... 10.60 480 —— 15.40 | heavier sections 


FERRITIC MALLEABLE 


Conventional Cupola- 
Air Furnace 760 —— 9.00 16.60 


Spherulitic-Cupola 5.40 11.20 6.20 22.40 | Allows the use 
of material in 


heavier sections; 
Spherulitic-Electric slightly higher 
Furnace 10.60 4.80 6.00 2140 | Y.P. and T-S. 





a source of metal for magnesium treatment. This is of 
considerable interest in particular as the added advan- 
tage of complete control of the raw materials will be 
reflected in improved physical properties. 

Although it is too early to speculate as to the ulti- 
mate place of spherulitic iron in the casting industry, 
it would seem from the following analysis that for the 
moment spherulitic iron does not present any econo- 
mic advantage over malleable irons except that it 
broadens the field of application because of its lower 
sensitivity to increased section thickness. (I said, “for 
the moment,” because the extensive research under 
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GRAY IRON 
Reg. Alloy Acicular Spherulitic 
(1% Ni) (2% Ni) 
(0.5% Mo) ‘(0.75% Mo) 
(0.5% Cr) 
Method of Manufacture Cupola . Cupola Cupola Cupola 
Conversion Cost 5.40 5.40 5.40 5.40 
Alloy Cost = 15.00 23.00 11.20 
Total Cost 5.40 20.40 28.40 16.60 
Tensile Strength, 1000 psi 45 60 80 80-105 
Elongation in 2-in., % <1 <1 <1 1-3 
Brinnel Hardness 229 269 302 255 
Modulus of 
Elasticity, psi x 10° 17 18 19.5 23-24 





way on nodulizing agents may at any time necessitate 
a complete revision of our thinking.) 

In the gray iron field, on the other hand, no such 
direct cost comparison is possible due to the differences 
in inherent properties of the two materials, which 
therefore necessitates a critical analysis of each applica- 
tion. It is, however, of interest to note that spherulitic 
iron may advantageously replace alloy irons provided 
that damping characteristics and similar properties are 
not critical, 

As I said at the outset, the picture is still confused; 
but as we learn more about this interesting material, 
we will no doubt find numerous applications for 
spherulitic graphite iron where its unique character- 
istics can be utilized. However, I again want to stress 
that I believe that these spherulitic graphite irons will 
augment rather than replace the present ferrous cast- 
ing alloys. 


R. G. McElwee 
Manager, Iron Foundry Division 
Vanadium Corp. of America, Detroit 


Much interesting and instructive information on 
nodular graphite cast iron has been presented today 
and in various publications recently. While it is not 
intended to discredit anything published or presented, 
it seems well to define a few limitations of the material 
and the methods of making it. 

It is reported that foundrymen and metallurgists 
are working feverishly to develop more information on 
nodular graphite irons. Our organization is doing this 
and eventually we hope to be able to contribute to 
the over-all store of information. The more investi- 
gators operating in the field, the more ideas will be 
tried and the faster we all will progress. 

We are asked everyday how to make nodular graph- 
ite cast iron. Our advice in cases where the shops have 
no control whatsoever is to “get your house in order 
first.” We cannot be so optimistic as to conclude that 
any foundry can make satisfactory castings of iron with 
nodular graphite in the as-cast condition. 

Nodular iron can be made at practically any sulphur 
level, but it is important to know what that level is. 
We would hesitate to recommend an addition of a 
magnesium alloy to an iron containing 0.20 per cent 
sulphur while assuming that it contained only 0.10 
per cent. It is just as serious to add too little magne- 
sium as it is to add too much. Some control is essential. 

We have done some experimental work with an 
electric furnace, and from Mr. Vennerholm’s remarks 
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it appears that this melting unit may become more 
widely used, particularly in connection with nodular 
graphite iron production. 


At present, too little is known about the behavior 
of this new material in service. Many laboratory and 
service tests must be performed before the new devel- 
opment can be fully evaluated. Elongation, which has 
received the greatest attention, is not alone sufficient 
cause for the selection of a material for most engineer- 
ing applications. 

We must recognize that we are on the threshold of 
one of the most important metallurgical developments 
of the age. When the technique of manufacture be- 
comes universally known many worthwhile applica- 
tions of nodular graphite cast iron can be expected. 


DISCUSSION 


Chairman: H. Bornstein, Deere & Co., Moline, Ill. 

Co-Chairman: C. O. Burcess, Gray Iron Founders’ Society 
Cleveland. 

T. H. WIicKENDEN:” There are many foundries under license 
from us actively engaged in the development and production of 
this ductile cast iron. They are using several different additives 
suited to their own individual operation. Under this basic in- 
vention a wide variety of addition materials may be used such as 
copper-magnesium or even metallic magnesium, magnesium 
vapor or mechanical mixtures of magnesium and other mate- 
rials. 

Some writers on this subject have emphasized ‘the difficulties 
they have experienced in getting magnesium into the iron. How- 
ever, these difficulties are overcome by our process and we are 
able to control definite amounts of magnesium in the finished 
casting. In our process the addition agents have been added 
conveniently and safely in hundreds of heats and under the vary- 
ing conditions in many commercial foundries. Our process has 
been used in a broad range of ferritic-base cast irons both hypo 
and hyper-eutectic which form the basic interests of the gray 
iron industry. 

MAX KUNIANSKY:' Most of the things that I intended to say 
were in the nature of throwing a little cold water on the 
heat that has been generated in the matter of nodular cast iron. 
Mr. McElwee covered that very nicely. However, we have found, 
in the work we have done in production on cupola melted 
irons that the basic principles are sound. Low sulphur, low 
phosphorus, and high carbon contents in the metal treated 
are most desirable. 

We are gratified with our nodular graphite experience so far, 
and believe that it has tremendous possibilities. We believe 
that it will find its proper place and have a healthy growth 
and prove beneficial to the entire membership of the ferrous 
family. 

Co-CHAIRMAN Burcess: I would like to step out of my role as 
Co-Chairman long enough to state that the Gray Iron Founders’ 
Society, which I represent, has given a lot of thought to this 
particular subject since mest of our members are vitally in- 
terested in furthering development of nodular iron. We have 
come to the conclusion that in the early stages, production of 
this iron will have to be a “cook book” proposition. This means 
it will be necessary to melt a closely controlled iron from a given 
type of charge, use definite quantities and types of nodulizing 
agents and inoculants, add them on a fixed time schedule and 
manner to iron in a certain range of temperature, and then 
pour the treated iron within a given time period. Although 
from past experience we are not yet in a position to arbitrarily 
fix each step, control of this character will be necessary to assure 
uniformity in the final product. 

In the case of members who cannot regularly perform the 
required analyses, metallographic examination, etc., the Gray 
Iron Founders’ Society is making such services available. Such a 
procedure has the further advantage of establishing a forum 
or clearing house that will permit exchange of information 
on the process as it develops. 


1 Lynchburg Foundry Co., Lynchburg, Va. 
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C. M. OFFENHAUER:? We have found zirconium to be a useful 
element in the production of nodular cast iron.* It has been 
observed that zirconium in combination with magnesium and 
silicon is an effective agent for the production of nodular cast 
iron. The zirconium and silicon reduce the violence of the 
magnesium addition and also reduce the tendency of the iron 
to form a chilled structure. In addition, the magnesium-zir- 
conium-silicon combination seems to permit the iron to be held 
in the ladle for a somewhat longer period of time before the 
nodular characteristics disappear. 

Dr. J. T. MACKENzIE:* I have been especially interested in 
Mr. Vennerholm’s analysis of the cost of producing nodular iron. 
I agree that this new metal will not replace much gray iron 
because it does not have any of the properties which have 
made gray iron such a useful material, and in particular it 
does not have the damping capacity of gray iron, and in spite 
of Mr. Reese’s wear tests I do not believe that it is going to 
replace gray iron under the conditions of sliding friction. 

Neither do I believe that it will be used for underground 
pipe, since the corrosion products will not have the strength 
which is so important to the long life of cast iron pipe (flake 
graphite) in the ground. 

I think the main thing that is holding back the development 
of nodular iron is the patent situation. The British Cast Iron 
Research Association state that they have had patents issued. 
The International Nickel Co. has stated they have applied for 
patents. I may say also that my own company has applied for 
patents. 

I doubt very much if a patent can be obtained on nodular 
graphite, since it has been produced for a hundred years in 
malleable foundries and it will probably come down to the 
best process—and if any of you have ever tried to patent a 
process, you will know how much trouble it is to make a 
claim stick. 

J. E. ReHperR:‘ One thing that interests me is the question of 
allowing for the sulphur content. 

When magnesium (or cerium for that matter) is added to 
molten cast iron, the addition will be consumed in three ways: 
as oxidation or burning loss; as a desulphurizing and dephos- 
phorizing agent; and as a residual amount absorbed in the iron 
if sufficient is added. It is well known that oxidation losses 
depend on many factors such as type of addition, method of 
addition, etc. However, it would seem that some more or less 
definite factor could be applied to desulphurization; that is, 
for a given amount of sulphur in the iron before the addition, 
some proportional amount of magnesium will be consumed 
by desulphurization. In my own work, such a factor appears 
to exist, and I would like to ask whether any of the gentlemen 
on the panel can corroborate this finding, or give factors that 
they use themselves. I would suggest that Mr. Donoho might 
answer this question. 

C. K. Donouo:® We know, of course, that as sulphur increases 
we have to add more magnesium, and undoubtedly there is 
a definite factor to tell us how much more. We have not worked 
it out. We know how much magnesium to add for an 0.040 
sulphur iron. We know how much magnesium to use in cupola 
melted iron which runs 0.09 sulphur. Had we gone the whole 
range, we could probably work out the relation. 

G. W. ALTMAN:® Is there any difference between the carbon 
structure of the nodular iron and the carbon structure that we 
get in the malleable irons? Some of the speakers seem to con- 
fuse the two. 

CHAIRMAN Bornstrin: If you examined the pictures on the 
screen this afternoon, you noticed a rather smooth, circular 
spheroidal condition, while the temper carbon found in mal- 
leable iron does not have that smooth condition. The temper 
carbon particles are irregular, rather than round. 

J. Y. YARNE:’ We used the 80-20 copper-magnesium alloy 
and found quite a copper pickup, in several cases as high as 
2.5 and 2.7 per cent. I have heard no mention of the amount 
of copper or nickel picked up. What happens when these alloys 


* C. M. Offenhauer and J. F. Collins, The Canadian Mining and Metal- 
lurgical Bulletin, July, 1949. 

2 Union Carbide and Carbon Research Laboratories, Niagara Falls, N. Y. 

% American Cast Iron Pipe Co., Birmingham, Ala. 

4 Bureau of Mines, Ottawa, Ontario, Canada. 

5 American Cast Iron Pipe Co., Birmingham, Ala. 

* National Radiator Co., Johstown, Pa. 
7 Student, M.C.M.T., Houghton, Mich. 
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continue to increase? We found that the properties were lowered 
by the precipitation of copper. 

Mr. Donouo: We started out on this magnesium treatmen: 
with pure magnesium, and then we got into making magnesium 
coppers and magnesium-nickels, and for a time we compromised 
on the 70 per cent alloy of magnesium-copper. That is admit 
tedly a compromise. It was not so explosive that it could noi 
be used in the foundry. Yet we did not get too much residual! 
copper, with additions of a little over one per cent of the alloy. 


We know that there are other alloys more efficient in their 
recovery and possibly less violent in their reaction, but at the 
time we made these tests we knew what the 70 per cent alloy 
would do, we knew how much to add, and in the case of some 
of the others, we had not completely worked it out as to how 
much addition to make to the various irons. As far as we are 
concerned, it is still something to be done. 

D. G. McCULLOUGH:? We all admit that in order to get 
nodular iron we must have a residual magnesium content, but 
nobody seems to want to state how that magnesium is in there. 
I would like some comment as to what causes the fracture 
of a nodular iron bar to have a carbide odor. Certainly, it 
seems to indicate the presence of carbide not present in regular 
gray iron. Also, in every case of remelting and recasting nodular 
iron, are the nodules lost? Will the iron resolidify gray or 
as nodular iron? 

Also, is there any indication that the magnesium is tied 
up in the center of the nodule as a complex silicate; perhaps 
a double silicate of magnesium and manganese, or perhaps as 
magnesium oxide? 

H. N. Bocart:* We all have observed the coring of the nodules, 
and we all have our individual hypotheses as to what it might 
be. For our part, we wonder if we might be able to resurrect 
some of the old theories as to the mechanism of graphite for- 
mation. But as to whether the nuclei are definitely as Mr. 
McCullough suggests, we do not know. 

C. L. Apovasio:* Suppose that a malleable or gray iron plant 
found it advantageous to go to the use of ductile cast iron; 
what provisions would have to be made for spruing? As you 
know, many castings are made where there are 10, 12 and up 
to 18 pieces on a gate. Spruing is no problem whatsoever with 
that many pieces on a gate of castings. Spruing in this case 
takes approximately 15 seconds. 

Spruing would present a different problem when a change 
is made to the use of ductile cast iron of about 6 to 8 per cent 
elongation in the as-cast condition. Restating the question, 
what provisions would have to be made to remove the castings 
from-the gates? 

D. J. Reese: The problem of removing gates from ferrous 
materials varies with the material, say from steel or gray iron 
or malleable iron or white iron. Also, the same thing would hold 
true in the riser material which in most cases would present 
more of a problem than that of removing the sprue of the gating 
system. In many cases these materials might be removed in the 
same way they are now. In the cases where we have high ductility, 
we might have to shear them. In very large masses, where we 
could not design a connection between the casting and the riser 
so that the riser could be knocked off, we could torch them off 
exactly the same as in steel. ‘ 

G. GALMisH:" Has anyone made this material from straight 
cold-melt air-furnace iron? 

Mr. Rerse: We have taken cold melting in an air furnace 
and have done this job, but most of the equipment we have 
worked with has been in cupola and duplexing and electric 
furnace. We have had little experience in the foundries using 
air melting. 

Mr. Donouo: I would like to add a little to that. We were 
pleased when we first started using magnesium to find that we 
could treat the low-carbon irons and produce a nodular struc- 
ture, but as we get into it further we see little advantage in 
working with the low-carbon irons. In ordinary iron metallurgy 
we use low carbon to get higher strength. But in this process, 
we can get up to a hundred thousand tensile strength with 
4 per cent carbon. The foundry practice is so much easier that 


8 Ford Motor Co., Dearborn, Mich. 

® The Ohio Brass Co., Mansfield, Ohio. 
1 International Nickel Co., New York. 
11 Michigan Malleable Iron Co., Detroit. 
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we have more or less restricted ourselves to the high-carbon 
irons. As for low-carbon nodular iron, even though we, can 
do it, it does not seem to be worth the trouble. 

MEMBER: We have a chemical testing laboratory and we 
can not control the type of samples that come in to us. We 
have observed considerable gross segregation of the magnesium. 
As a result of this we have had to resort to a solution technique 
for analyzing for magnesium. Has Mr. Donoho had any ex- 
perience with whether or not a finished casting can be used 
to get a representative figure, or is it necessary to put it in 
solution? 

Mr. Donono: When we started analyzing for magnesium we 
had no spectographic standards. We wanted to do it by specto- 
graph because chemically it is a long and arduous analysis. We 
had to build up standards by wet analysis. We did it by analyz- 
ing together several irons with varying magnesium, a blank, 
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and an artificial standard made up of pure iron with added 
magnesium salt. By that method we did build up standards 
which we think are fairly accurate as far as the chemical an- 
alysis is concerned, and from these we built up a spectographic 
relation. . 

I do not believe that the problem is spectographic analysis. 
It is entirely in sampling, because we certainly can get, if we 
pour very quickly, inclusions of magnesium oxide that will show 
up in the spectograph. We do not know how much magnesium 
sulphide may be there, but taking samples in the same way every 
time, we found our spectographic analysis to be a useful meas- 
ure of control. We have noticed that if we take a sample from 
one part of a casting we may get one figure, and we may get 
another figure from another part. I think that spectographic 
analysis is entirely all right within itself, but the sampling prob- 
lem will always be there. 








NOTE ON AS-CAST STRUCTURE AND GRAIN SIZE 


IN CAST ALLOY STEELS 


Edward A. Loria * 


ABSTRACT 


A new metallographic etching reagent for cast alloy steels has 
been developed. Through use of this reagent, the as-cast austen- 
ite grain size in such steels which do not show ferrite outlining 
of the original austenite grains is demonstrated. The results 
obtained with the modified nitro-sulphuric reagent on three cast 
steels reveal large polygonal grains and the dendritic pattern 
formed on solidification. The rate of chemical attack of the 
reagent varies with the orientation of the initial austenite grains 
(or rather the products of their subsequent decomposition) and 
produces a typical grain contrast etch. The number of as-cast 
grains in the central areas of etched cross-sections for each steel 
were counted and the average grain area compared with the 
ASTM grain size developed at 1550 and 1700 F. Confirming 
earlier results on steels which contained a continuous grain 
boundary ferrite envelope in the as-cast macrostructure, it was 
found that there was no apparent relationship between the 
original and subsequent grain size developed in these steels. 


Introduction 


THIS PAPER IS ANOTHER OF A SERIES of papers 
on the study of austenite grain size in cast steels!.?-3-4 
which have recently been published. In the first, 
Hawkes! reawakened interest in this important sub- 
ject by reviewing the five methods of measuring aus- 
tenite grain size in carbon and alloy cast steels and de- 
signating the limitations of each method. The mar- 
tensitic etch method was recommended as the most 
dependable method in both types of steel over a wide 
range of grain size. In regard to the as-cast grain size 
he stated that it could oniy be measured in steels of 
low hardenability which developed ferrite outlining 
of the austenite grain boundaries but suggested that 
probably special etching reagents or techniques could 
be developed to locate grains in other cases. In the 
second paper, Loria? gave an account of a method of 
measuring the size of dendrite arms in manganese- 
molybdenum steels by considering the effects of solidi- 
fication pattern and segregation of alloying elements 
in the development of the as-cast pattern. Then, 
Hawkes and Brown’ provided an explanation of the 
dendritic segregation which occurs in the course of 
solidification of alloy as well as plain carbon cast 
steels, supplemented with a metallographic study giv- 


* Fellow, Mellon Institute of Industrial Research, Pittsburgh, 
Pa. 


ing examples of almost every type of cast steel structure 
in which the influence of dendritic segregation is prom- 
inent. In another contribution on the microstructure 
and mechanical properties of cast steels, Hawkes and 
Brown‘ reported further results on their study of aus- 
tenite grain size in low and medium carbon steels with 
or without moderate amounts of alloying elements and 
not possessing high hardenability. Again, it was stated 
that only in such steels which showed a continuous 
grain boundary ferrite envelope in the as-cast structure 
could the initial grain size be determined satisfactorily 
and new data were presented which illustrated that the 
austenite grain size developed by a single reheating 
operation was not influenced by the previous as-cast 
grain size. 

The present research, which was under way concur- 
rently, shows that the as-cast grain size in cast alloy 
steels can be delineated by the use of a modified nitro- 
sulphuric etching reagent and that a careful study of 
the grain size developed on reheating at 1550 F and 
1700 F in four of such steels confirms earlier results of 
no apparent correlation between the as-cast and sub- 
sequent grain size. 


Procedure 


Examination of the as-cast grain size was made on 
the cross-sections of samples taken from four commer- 
cially made steels whose chemical analyses are given in 
Table 1. In the case of the manganese-molybdenum 
steel and one of the nickel-chromium-molybdenum 
steels the conventional tensile test coupons flame-cut 
from actual castings were used. The approximate sizes 
of their cross sections were 114 x 1% in. for the former 
and | x 13% in. for the latter. Separate round test bars 
cast in green sand were studied in the case of the nickel- 
vanadium steel and the other nickel-chromium-molyb- 
denum steel. The diameters of their cross-sections 


TABLE I1—NOMINAL COMPOSITION OF STEELS 





Type C Mn Si P S Cr Ni Mo V 
Mn-Mo 0.31 1.44 0.38 0.039 0.028 0.26 
Ni-Cr-Mo 0.29 1.21 0.38 0.031 0.037 0.54 0.61 0.22 
Ni-Cr-Mo 0.25 1.05 0.41 0.030 0.046 0.61 0.65 0.22 
Ni-V 0.29 0.98 0.34 0.043 0.027 1.56 0.11 
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were | in. and 11% in. respectively. All of the steels 
were made by the acid process from foundry returns 
pig, steel scrap and ferroalloys. The nickel-chromium- 
molybdenum steels were deoxidized in the ladle with 
2 Ib calcium-silicon and 3 lb aluminum per ton of steel 
whereas the nickel-vanadium steel was deoxidized with 
4 Ib ferrotitanium and the manganese-molybdenum 
steel with 7 lb ferrosilicon. 


Specimen Preparation 


Several cross-sectional pieces were cut from the afore- 
mentioned test bars, polished metallographically, and 
immersed in the uitro-sulphuric reagent to be de- 
scribed in a later section. The counting of the as-cast 
grains was confined to the central area of the cross- 
section and simple averages were used in accounting 
for edge effects. That is, if ten grains were observed 
halfway within the area of counting, then it was con- 
sidered that five of these grains were within the area 
under consideration. Because of the coarseness of the 
grains in three of the steels it was necessary to count 
them within an area of 6 sq in. developed at a magni- 
fication of 5 diameters. The average grain area at 5 
diameters could thus be calculated and used as a mea- 
sure of the grain size of the steel under investigation. 
The austenite grain size of the nickel-vanadium steel 
turned out to be well delineated by grain boundary 
ferrite and to possess a much finer grain size than the 
other steels. Then, the central areas of these cross- 
sections were cut into small specimens, approximately 
VY x Yo x & in., and these were used in the heat- 
treating schedules. Thus the subsequent grain size 
developed on re-heating was determined on the same 
surface where the measurements of the initial grain 
size had been taken. 

These samples were heat-treated in a stainless steel 
core 214 x 34 x 7 in. in a double wound muffle furn- 
ace. For each constant temperature the power to one 
winding was set by a voltage regulator while the power 
to the other was set by a second voltage regulator and 
controlled with a temperature controlling instrument. 
The controller thermocouple was nearly in contact 
with the heating elements while the actual tempera- 
ture was determined by a second thermocouple in a 
\4-in. hole reaching to approximately 14 in. from the 
sample chamber. Thermocouples were made from 
selected chromel and alumel wire and calibrated 
against a Pt-Pt + 10% Rh thermocouple that had been 
certified by the National Bureau of Standards. 

The sample chamber was | x |-in. flat surface cut 
into a l-in. cylinder of stainless steel which fitted into 
a hole cut halfway through the stainless steel furnace 
core from the front. Readings of the temperature by 
means of a portable potentiometer indicated a tem- 
perature fluctuation of approx. +0.3°C. For each 
steel, the austenite grain size developed on reheating 
for 1 hr at 1550 F and | hr at 1700 F was determined. 
Duplicate samples for each steel were so treated, one 
of these being water quenched and the other air cooled 
(normalized) from the austenitizing temperature. The 
martensitic etch method was used to reveal the new 
grain size in the former and nital etching was resorted 
to in the case of the latter. 
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Etching Technique 


Austin’s work on burnt alloy steels® described how 
a special etching reagent consisting of 10 per cent 
nitric acid and 10 per cent sulphuric acid in 80 per 
cent water was used to detect burning or overheating 
in the form of dark markings more or less outlining 
the austenite grains, which were then shown to be simi- 
lar in size to the mat crystals revealed by the fracture. 
The use of this particular etching reagent appears to 
require care. It is used cold. The specimen is im- 
mersed for at least three, if not more, 30-sec periods in 
between which the surface being etched must be 
cleaned with cotton-wool under running water and 
then dried. Finally the etched surface is repolished 
lightly and microscopic examination is usually carried 
out at a magnification of 100 diameters. The nitro- 
sulphuric etchant operates by preferential solution of 
that region of the metal which corresponds to the 
grain boundaries seen in the fracture. In one respect 
this action is unfortunate, since it removes from the 
etched surface those parts which have been changed in 
some way by overheating and which are therefore those 
(microstructural) regions calling for the most careful 
examination. 

The components of Austin’s reagent offered an in- 
teresting possibility for delineating the as-cast structure 
of cast steel since it developed the polygonal bound- 
aries associated with overheating in alloy steels and re- 
vealed a macrostructure rather than a true microstruc- 
ture. It was felt therefore that other combinations of 
these acids in more concentrated form, without be- 
coming too violent in action, would accomplish this 
purpose. A number of experimental etchants con- 
taining varying amounts of the respective constituents 
were prepared and these were tried with varying 
degrees of success. In all cases, however, either a pro- 
nounced smudge effect occurred or severe general 
corrosion of the specimens resulted in both carbon and 
alloy cast steels. 

The best results were obtained with an etchant of the 
following composition: 


Conc. Nitric acid 20 ml 
Conc. Sulphuric acid 10 ml 
Distilled water 20 ml 


The solution is prepared by dissolving the sulphuric 
acid in the nitric acid and then adding water. The 
polished specimen is immersed in the freshly pre- 
pared solution for 5 to 20 sec. Soon after immersion 
there is a bubbling action around the periphery of the 
specimen and an evolution of brownish fumes occurs. 
Upon removal, the pronounced smudge or precipitate 
formed on the polished face is removed quickly by 
wiping with cotton under water. Then, after rinsing 
in alcohol, the specimen is dried dnder an air blast. 
The reagent becomes cloudy after it has been used a 
few times and loses its effectiveness. Of course, the 
time of etching will depend on its freshness. The 
etching procedure is tedious and several attempts may 
be necessary in order to produce the desired structure. 
The amounts specified above must be rigidly adhered 
to if satisfactory results are to be obtained. The rate 
of chemical attack by the solution varies greatly with 
the orientation of the previous austenite grains, thus 
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producing a typical grain-contrast etch. The etch pro- 
duced by the reagent is unsatisfactory for high magni- 
fication microscopy because of the rather deep pitting 
resulting from the strong reaction. 

In order to approach optimum conditions with re- 
spect to even illumination and contrast without glare 
in photographing, some of the polished and etched 
specimens were dipped in an acid chromiferous dye, 
Neolan Orange G. (Prototype 313). A pinch of this 
powder was dissolved in 50 ml of water to which 2 to 
3 drops of acetic acid had been added. The etched 
specimen was immersed in the dye and held for an 
interval sufficient to give an even illumination and a 
good picture of a low-contrast surface. 


Results 


The as-cast microstructures observed at the centers 
of the cross-sections of each of the steels considered in 
this investigation are presented in Fig. 1. Examination 
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reveals that their structure consists of various form 
and combinations of Widmanstatten, grain boundar: 
and random ferrite, together with pearlite. As always 
faster cooling rates in the smaller castings and greate 
hardenability favored the Widmanstatten patterns. [1 
Fig. la is shown the structure of the manganese-molyb 
denum steel which contains fine Widmanstatten fe: 
rite plates along with scattered traces of elongated 
ferrite which appears to be in the initial grain bound 
aries. In the nickel-chromium-molybdenum grad¢ 
shown in Fig. Ib, the alloying elements had a pro- 
nounced tendency to cause the Widmanstatten pat 
terns to be very fine and exhibit a striking geometric 
array of ferrite plates in contrast with the very coarse 
ill-defined Widmanstatten patterns common to plain 
carbon cast steels. The geometric array of plates is 
confined within a darker-etching intercell network 
which represents the segregation of alloying elements 
which occurs during freezing. Such segregation is much 





A—0.31 C, 1.44 Mn, 0.26 Mo Steel 
B—0.29 C, 1.21 Mn, 0.61 Ni, 0.54 Cr, 0.22 Mo Steel 





C—0.25 C, 1.05 Mn, 0.65 Ni, 0.61 Cr, 0.22 Mo Steel 
D—0.29 C, 0.98 Mn, 1.56 Ni, 0.11 V Steel 


Fig. 1—As-Cast Microstructures in Centers of Cross-Sections of Cast Alloy Steels, Picral etch, 100x. 
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Fig. 2—As-Cast Macrostructure of Alloy Cast Steel Containing 0.31 C, 1.44 Mn, 
0.26 Mo. Modified nitro-sulphuric etch. 5x. 


Te 





Fig. 3—As-Cast Macrostructure of Alloy Cast Steel Containing 0.31 C, 1.44 Mn, 0.26 
Mo. Note polygonal grains at center of cross-section. Modified 
nitro-sulphuric etch. 5x. 
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Fig. 4—As-Cast Macrostructure of Alloy Cast Steel Containing 0.31 C, 
1.44 Mn, 0.26 Mo. Modified nitro-sulphuric etch. 5x. 








Fig. 5—As-Cast Macrostructure of Alloy Cast Steel Containing 0.29 C, 1.21 Mn, 0.61 
Ni, 0.54 Cr, 0.22 Mo. Note dendritic pattern within the grains. 
Modified nitro-sulphuric etch. 

















Fig. 6—As-Cast Macrostructure of Alloy Cast Steel Containing 0.29 C, 1.21 Mn, 0.61 Ni, 0.54 Cr, 0.22 Mo. 


Note dendritic pattern within the grains. Modified nitro-sulphuric etch. 5x. 


Fig. 7—As-Cast Macrostructure of Alloy Cast Steel Containing 0.25 C, 
1.05 Mn, 0.65 Ni, 0.61 Cr,0.22 Mo. Modified nitro-sulphuric etch. 5x. 
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Fig. 8—As-Cast Macrostructure at Center of Another Cross-Section of Same Steel 
as Fig. 7. Modified nitro-sulphuric etch. 10x. 








more pronounced with respect to the outlines of dend- 
rite arms than it is with respect to centers and bound- 
aries of entire grains. The finer structure shown in 
Fig. Ic for a similar grade of steel results from the 
faster cooling rate in this individually cast round bar. 
Again there is evidence of the dark iptercell network 
representing the outline of the interdendritic segrega- 
tion developed during selective freezing. In Fig. ld 
is the as-cast microstructure of the nickel-vanadium 
steel. The lower hardenability of this steel produced 
complete ferrite outlining of the initial austenite grains 
even in a thinner section than those considered for the 
other three steels. Notwithstanding some Widman- 
statten ferrite plates formed in dendritically disposed 
areas and idiomorphic blocky ferrite can also be ob- 
served. Several specimens of this steel were immersed 
in the modified nitro-sulphuric etch for various inter- 
vals of time but the as-cast macrostructure could not 
be produced satisfactorily. There was severe general 
corrosion of the polished surface but no portrayal of 
the individual grains because the etch failed to yield 
enough grain contrast. In this respect the nickel- 
vanadium steel was similar to several as-cast plain 
carbon cast steels of low hardenability which possessed 
grain boundary ferrite outlines but whose individual 
grains were not sensitive to the action of the etchant. 
Possibly the difference in matrix structure between car- 
bon and alloy cast steels is the important variable 
governing whether or not the delineation of the in- 
dividual grains with the etchant is possible: To date 


the etchant has produced the grain configuration in 
alloy cast steels possessing an acicular type of matrix 
structure. The results on three of such steels will now 
be considered. 

Figure 2 presents the configuration of the as-cast 
austenite grains in a cross-section of the manganese- 
molybdenum steel as revealed by the modified nitro- 
sulphuric reagent. Figures 3 and 4 present other cross- 
sectional views of slices cut in the same test coupon. 
The polygonal nature of the grains even at the centers 
of the sections is to be noted. The bottom edge of each 
photograph is at least 34 in. from the flame-cut sur- 
face. The modified nitro-sulphuric reagent appears to 
provide contrast between the locations where individ- 
ual grains of austenite used to be, use being made of 
the circumstance that each austenite grain had a defin- 
ite crystalline orientation differing from that of its 
neighbors and that the orientation of the decomposi- 
tion products is fixed by the orientations of the austen- 
ite grains from which they arise. The rate of chemical 
attack by this etchant varies with the orientations of 
the decomposition products, thus producing a typical 
grain contrast etch. The as-cast grain structures in one 
of the nickel-chromium-molybdenum steels taken at 
two different positions in the same test coupon are 
shown in Fig. 5 and 6. In addition to portraying the 
large polygonal grains the modified nitro-sulphuric re- 
agent produces the dendritic pattern within each grain. 
In certain grains, notably in Fig. 6, fir tree dendrites 
are observed; whereas in others, dendrite arm cross- 
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sections appear to be in evidence. Figures 7 and 8 il- 
lustrate the type of macrostructure produced in a 114- 
in. round bar of nickel-chromium-molybdenum steel. 
It can be seen that pronounced columnar grains nu- 
cleated as the sand cast surface penetrate the interior 
of the cross-section to a considerable depth. The over- 
all grain structure is finer than that observed in the 
previous two steels, making it necessary to depict the 
center structure (Fig. 8) at a magnification of 10 
diameters instead of the usual 5 diameters. Again, a 
marked dendritic pattern is shown by the etchant along 
with the individual grains. 

In order to determine the relationship between as- 
cast austenite grain size and austenite grain size after 
heat treatment, the number of as-cast grains were 
counted in a central area* of 6 sq in. developed at a 
magnification of 5 diameters on the etched cross sec- 
tion of each of the four steels. Following the proced- 
ures described previously, it was found that there were 
12 grains within such an area in the manganese-molyb- 
denum steel, 14 and 20 grains in the two nickel- 
chromium-molybdenum steels and 38 grains in. the 
nickel-vanadium grade. In crder to compare directly 
the data with that found in the Hawkes and Brown 
diagram,‘ the average grain area at 20 diameters was 
calculated by squaring each linear magnification. 
These values then serve as a measure of the as-cast 
grain size for each steel and are plotted against the 
grain size developed on reheating for | hr at 1550 F 
and 1700 F in Fig. 9. These additional data on cast 
alloy steels confirm Hawkes’ conclusion, from a study 
of 14 steels which showed a continuous grain boundary 
ferrite envelope in the as-cast microstructure, that 
austenite grain size developed by a single reheating 
operation is not influenced by the previous as-cast 
structure. Also, the relatively coarse as-cast grain size 
in three of these steels was readily refined to ASTM 
classification by a single heat treatment. 


Summary 


An etching reagent and technique has been de- 
veloped and used successfully to illustrate the as-cast 
austenite grain size in cast alloy steels which do not 
develop ferrite outlining of the austenite grains formed 
at a very high temperature during or shortly after the 
freezing of the steel casting. Basically the etchant con- 
sists of 2 parts of concentrated nitric acid and 1 part of 
concentrated sulphuric acid in 2 parts of water. 

The results obtained with the modified nitro-sul- 
phuric reagent on samples of three cast steels reveals 
large polygonal grains and the dendritic pattern de- 
veloped on solidification. The rate of chemical attack 
of the reagent varies with the orientation of the as- 
cast austenite grains (or rather the products of their 
subsequent decomposition) and produces a typical 
grain contrast etch. 

The number of as-cast grains in the central area of 
an etched cross-section for each steel was counted and 
the average grain area compared with the ASTM grain 
size developed on reheating at 1550 and 1700 F. Con- 
firming earlier results on steels which possessed ferrite 


* Thus columnar crystallization was not considered. 
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Fig. 9—As-Cast Austenite Grain Size and Grain : 
after Heat Treatment of Various Cast Steels. 


outlines of the initial austenite grain boundaries, it 
was found that there was no apparent relationship be- 
tween the original and subsequent grain size developed 
in these steels. 
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DISCUSSION 


Chairman: CHARLEs Locke, Armour Research Foundation, 
Chicago 

Co-Chairman: C. H. Loric, Battelle Memorial Institute, 
Columbus, Ohio 

CHAIRMAN LOCKE: It always disturbs me to see a new metallo- 
graphic method not substantiated by results which can be 
obtained by a previous technique. For instance, the grains that 
are revealed by the nitrosulphuric etch appear to be the au- 
stenite grain size from the logic of the remarks of the author. 
It would be more convincing if he had also revealed the grain 
size of those steels whose proeutectoid ferrite outlined the 
grains. It is unfortunate for the sake of this particular work 
that the one steel which did show a ferrite outline was not 
susceptible to the nitrosulphuric etch. 

Co-CHAIRMAN LoricG: Perhaps one can see some value for 
as-cast grain size if one will consider the mechanism of diffusion 
and its relation to homogenization of structural components 
during heat treatment. Normally structural equilibrium is 
more rapidly attained with the smaller grain so that time of 
heat treatment required for homogenizing cast steels should 
normally decrease with decrease in austenitic grain size. 

Mr. Loria: In reply to Mr. Locke, we have not been able 
to reveal with the nitro-sulphuric reagent the as-cast grain size 
of steels which contain a proeutectoid ferrite outline of the 
initial grain boundaries and therefore we could not illustrate 
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its effect in such steels. In any event it would not be necessary 
to use it for such purposes since the ordinary nital-picral etch 
would do the job easily. The etchant was developed for those 
steels of such hardenability that they possess an acicular as-cast 
structure and set forth as a specific metallographic tool for work 
on such steels. The as-cast austenite grain size could not be 
produced in such steels by any previous technique as can be 
verified by the cited references. Only in steels which showed 
a continuous grain boundary ferrite envelope in the as-cast 
microstructure could the as-cast austenite grain size be deter- 
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mined satisfactorily. 

Dr. Lorig has brought up some interesting thoughts on t! 
value of as-cast grain size. The paper confirms the reported lac 
of correlation between as-cast and subsequent grain size | 
Hawkes.‘ It is becoming evident that the factors controlli: 
heat treated grain size are not operating to control as-cast grai 
size, and if one is interested in controlling the latter, he wi 
have to look to other influences than deoxidation practice 
has been suggested that degree of superheat may be one suc 
influence. 


I 





PROBLEM OF GASES IN THE INDIRECT-ARC FURNACE 


MELTING BRASS AND BRONZE 


By 


Martin G. Dietl* 


IT Is THE PURPOSE of this paper to consider the 
problem of gassed metal which has been melted in an 
indirect-arc rocking furnace, and to present a workable 
practice for the correction of such metal. The author’s 
experience has been that gassed metal is not a charac- 
teristic of the indirect-arc furnace, but rather a result 
of outside influences. Copper-tin alloys can be degassed 
by being melted with an oxidizing flux; copper-zinc 
alloys, or high phosphorus alloys, are best degassed by 
being swept with an inert gas. 

Any discussion of the introduction of gases into the 
metal bath being melted in an indirect-arc rocking 
furnace should be preceded by a short description of 
that furnace and its melting characteristics. Primarily, 
the furnace consists of a steel shell which is properly 
lined with a suitable refractory material. This, in turn, 
is backed up with an insulating lining. 

A carbon electrode, manually or automatically con- 
trolled, enters each side of the barrel-shaped furnace 
as it lies along its horizontal axis. The electrodes enter 
the furnace through portholes which are washed with 
alundum cement and held to a tolerance of plus 
l, g-in. compared to the electrode diameter. The carbon 
electrodes are so aligned that they meet on center in 
the middle of the furnace. Any misalignment of the 
electrodes would cause excessive electrode consumption 
and greatly reduce lining life. During the entire melt- 
ing cycle, the furnace is rocked at predetermined in- 
crements of the angle of rocking in order to melt faster, 
produce a more homogeneous melt, and increase lining 
life of the furnace. 


Furnace Efficiency 


In a typical 8-hr shift, the conical shell furnace con- 
sumed 1,815 kwh of energy to melt 12,565 lb of red 
brass and bring it to a temperature of 2300 F. Since 
the theoretical energy consumption is 1,030 kwh, the 
furnace operates with an efficiency of 57 per cent. This 
same furnace, running continously for 24 hr, would 
attain an efficiency of better than 80 per cent. The 
electrode consumption, with the high current den- 
sities found in an indirect-arc furnace, should be near 
1 lb of electrode per 100 kwh, or about 3 Ib of electrode 
per ton of brass melted. 

Metal loss in a well constructed and properly sealed 
furnace is less than 0.5 per cent in the case of 85-5-5-5 
metal. A properly sealed furnace is one in which the 
electrode portholes are only .¢-in. larger than the 
electrode, and the door opening is sealed by the steel 
door leaving only the spout open to the atmosphere. 
If the furnace is thus sealed, and if the operator melts 
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the metal with a clear arc in a very short time, fluxes 
designed to reduce metal loss will be of little help. 

The indirect-arc furnace is not without its faults. 
As previously mentioned, care must be exercised in the 
construction and proper maintenance of the furnace. 
Reference has been made to the misalignment of the 
electrodes and the resulting smoky arc. Also, if the 
electrodes are damp, or set too close inside the furnace, 
the arc will not be clear. If a metal charge contains 
borings sufficient in mass to cover the arc, it will be 
smoky. Such operation must be avoided at all cost, 
since a smoky arc, liberating nascent carbon, will 
readily reduce the lining or any sand introduced with 
the charge to silicon. Even a trace of silicon is detri- 
mental to red brass. 


Foreign Matter in Melt 


Since during the melting cycle the metal quality may 
be affected by all factors, the foundryman should con- 
sider each carefully. One of the most obvious causes of 
low quality metal is found not in the method of melt- 
ing, but rather in the foreign matter introduced with 
the charge. Quite naturally it would not seem proper 
to mix the return gates and sprues of different metal 
formulas. 

Along the same line of thought, the machine shop 
borings should reach the furnace in a clean and un- 
adulterated state. All oil and possible water should be 
removed by passing the borings through a drying kiln, 
and over a magnetic pulley to remove iron chips. If 
sulphur-bearing cutting oils, or any other carbonaceous 
matter, are introduced into the furnace, the result- 
ing metal will appear sluggish due to contained sul- 
phides and oxides; or the castings so produced will 
contain gas-holes. 

Under the action of heat, the hydrocarbons of the 
oil will break down and liberate nascent carbon. The 
theory is that carbon is soluble in brass to the extent 
of 0.003 per cent. This solubility alone has no bad 
effect on the metal. But if, while in solution, the 
carbon is oxidized to carbon monoxide (CO), the re- 
action product being unsoluble is mechanically trapped 
in the metal during solidification and appears as gas 
porosity. A good rule to follow is “keep the metal 
charge clean.” 


Lining-Patching Affects Metal 


Next to the charge the furnace lining or patch, as the 
case may be, has a great influence on the metal bath. 
If the binder used in the construction of the furnace 
lining or in the patching cement has not been suffi- 
ciently stabilized or removed during subsequent pre- 
heating, metal of poor quality will result. Since water 
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is an integral constituent of any patching material, 
nine times out of ten the resulting contaminated metal 
will be gassed with hydrogen (H,) or water vapor. 

Any refractory material containing sodium silicate 
or silicon carbide is to be avoided since any reducing 
condition in the furnace will liberate free silicon. Even 
traces of this element in red brass or bronze are detri- 
mental. Poor furnace construction is to be avoided, not 
solely from the metallurgical aspects but also from 
the economic point of view. Loosely fitted electrode 
sleeves cannot be tolerated because the influx of air 
into the melting chamber greatly accelerates the elec- 
trode consumption and reduces lining life. Also, the 
resulting atmosphere tends to oxidize the more volatile 
elements of the brass composition. 


Keep Furnace Atmosphere Unchanged 


Some foundrymen purposely introduce into the in- 
direct-arc furnace a stream of air. The theory is that 
with a limited supply of oxygen in the presence of 
nascent carbon, the ambient atmosphere is largely 
carbon monoxide (CO) . The use of an air stream is to 
oxidize this gas to carbon dioxide (CO,) and main- 
tain an oxidizing atmosphere. However, this practice 
is followed in only a few foundries. If the atmosphere 
inside the furnace is left unchanged, no detrimental 
results will occur in the metal. This is in keeping with 
the findings of numerous investigators who have 
studied the effects of CO on brass and bronze. 

The actual melting practice for an indirect-arc 
rocking furnace is simple compared to that for any 
other furnace. All that is required of the operator is 
the ability to read a kwh meter and push a few buttons. 
The operator must be careful not to rock the furnace 
too soon lest the bulky charge break the electrodes; 
also, he should avoid superheating the metal bath. 
Any metal heated excessively beyond its pouring 
temperature will have a great tendency to absorb 
gasses, mainly hydrogen or water vapor, from which- 
ever source is at hand. This source may be a wet patch 
in the furnace, the surrounding atmosphere as the 
metal is tapped from the furnace, or an insufficiently 
dried ladle. 

Speculation exists that the metal and air contact as 
the metal is poured into the mold is sufficient to cause 
inverse segregation. Investigators have indicative 
evidence that the effects of molding sand moisture, 
mold hardness, and the high phosphorus content of 
the metal may bring about a gassed metal condition. 
All of these influences can be at work to spoil the metal. 
Of these poor metal conditions, the easiest to bring 
about is the introduction of one or more detrimental 
elements into the furnace. 


Causes of Gassed Metal 


In all of the investigations conducted by the author, 
gassed metal coming from the furnace was caused by 
conditions or substances that were placed in the fur- 
nace, A gassed metal condition was brought about by 
the introduction of hydrogen or water vapor by any of 
the aforementioned processes. So far most investiga- 
tions have attributed casting porosity defects to metal 
gassing with hydrogen. Occasionally, a fracture ap- 
pearance indicates that oxygen may have been respon- 
sible; however, insufficient work has been done in these 
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cases. Similarly, the idea of metallic hydride contamin :- 
tion, a possibility since hydrogen acts like a metal, h:s 
received only scant attention. 

By virtue of the furnace construction and operating 
characteristics, the atmosphere inside the furnace is 
reducing. Other investigators have analysed the gascs 
in an indirect-arc furnace melting brass and bronze, 
and have found the gases to consist of nitrogen and 
carbon monoxide, and very little else. The actual! 
atmosphere inside an indirect-arc furnace depends 
largely upon the metal being melted. Carbon monox- 
ide can be reducing, neutral, or oxidizing. In the case 
of melting pure copper, the carbon monoxide in con- 
tact with the melt, removes all oxygen: 

2CO + O, > 2CO, 
If the furnace is used to melt aluminum, the carbon 
monoxide acts as an oxidizing atmosphere: 
6Al + 3CO > Al,C; + Al,O3 ‘ 

Many investigators have melted brass and bronze 
under an atmosphere of carbon monoxide, or have 
bubbled this gas through the melt without encounter- 
ing any deleterious effects on the metal. In view of 
those findings the indirect-arc furnace can be con- 
sidered as having a neutral atmosphere in conjunction 
with a brass or bronze bath. Of all the different gases 
which may be present in the ambient atmosphere 
inside a furnace, most investigators agree that hydrogen 
or water vapor is the principal source of trouble. 


Maintain Equilibrium 


The resulting defect may present itself in the cast- 
ing in the form of minute pinholes caused by the 
decrease in solubility of hydrogen in the metal during 
its solidification range, or by the reaction product be- 
tween hydrogen and oxygen, or an oxide. The react- 
ants to such an oxidation reaction, be they oxygen in 
solution with hydrogen, or carbon, or sulphur, may 
coexist in the same metal bath and cause no trouble 
as long as the equilibrium is not disturbed. Once the 
equilibrium has been upset through the addition of 
phosphorus, or a lowering of the temperature of the 
melt, pinholes or microporosity may result. 

Investigators have determined that only 0.072 cubic 
centimeters of hydrogen are necessary to combine with 
half that amount of oxygen to produce a casting pos- 
sessing 3 per cent voids. The best and most economical 
method of producing relatively gas-free metal is to be 
certain that no moisture or gas-producing substances 
enter into the melting practice. As previously stated, 
the metal charge must be clean. Great care should be 
taken that the metal is melted in a dry furnace and 
is tapped into a dry ladle. 

Superheating the metal in the indirect-arc furnace 
is costly and increases the chances of gas absorption 
upon contact with the atmosphere. However, the 
author has obtained good mechanical properties in 
metal that was held in the furnace and subject to re- 
peated reheating because of some unavoidable break- 
down. Gas absorption in brass or bronze varies with 
the temperature of the bath, and seems to decrease 
with increasing percentages of tin and zinc. However, 
this is of academic value only since even at the condi- 
tions of lowest hydrogen solubility the resulting voids 
will be sufficient to cause rejection of the casting. 
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Two methods quite commonly used for reducing gas 
content of the metal are: (1) melting in conjunction 
with an oxidizing flux, usually cuprous oxide (Cu,O) 
or manganese dioxide (MnO.); and (2) sweeping the 
bath clean with some dry, inert gas. The question might 
be raised—why not oxidize the melt first and follow 
with some reducer to eliminate hydrogen and the 
reaction product, water vapor? This process is quite 
feasible in a copper-tin bronze. The oxidizing condi- 
tion removes hydrogen corresponding to the high 
oxygen content; subsequent reduction with copper- 
phosphorus reduces the high oxygen content to a 
point sufficiently low that no water vapor would form 
as the metal freezes. 

In the case of highly reducing brasses such as those 
having high zinc or phosphorus contents, the addition 
of excess oxygen will first oxidize those elements which 
have the highest heat of formation. In such cases, 






































Tapping a heat from one of a battery of indirect-arc 
rocking furnaces used in brass and bronze melting. 






method (2) is preferred. Since perhaps all investiga- 
tion points to the fact that a nitrogen atmosphere 
gives maximum soundness to the metal, the writer 
preferred this method of degassing. 

For this experiment 1,000-lb heats were melted in a 
conical shell rocking furnace both before and after 
the furnace was repaired with 600 Ib of patching ma- 
terial. This procedure was repeated using dry nitrogen 
‘as a scavenging gas. The nitrogen gas, obtained from 
a reputable source, was reduced in pressure from 2,000 
to 10 psi and introduced into the bottom of 250 Ib of 
metal in a ladle by means of a 14-in. extra heavy steel 
pipe. Unfortunately, the outside diameter of the pipe 
was somewhat corroded and probably carried some 
water of crystallization into the bath. The nitrogen 
was allowed to bubble through the melt for 45 sec, 
after the addition of 114 oz of 15 per cent copper- 
phosphorus per 100 Ib of melt. 

Four crown-gated Webbert test bars were poured, 
starting at 2250 F and decreasing in pouring tempera- 
ture in 50-degree decrements. The test bars, cast in 
natural sand, were analyzed chemically and physically. 
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TABLE 1—COMPARISON OF PHYSICAL PROPERTIES OF. 
UNTREATED AND NITROGEN TREATED RED Brass 











Test Pouring Ne Ten- Yield Point Elon- Apparent 

Bar Temp., Treated sile (Divider gation, Density, 

No. F Strength Method), 4% in gm/cc 

1000 psi 1000 psi 2 in. 

l 2250 No 36.7 20.0 27.0 8.71 
2 2200 No $2.5 20.0 17.0 8.80 
3 2150 No 37.0 20.0 23.5 8.82 
4 2100 No 37.0 20.5 27.0 8.84 
6 2200 Yes 36.0 20.5 24.0 8.89 
5 2250 Yes 33.3 20.0 18.0 8.71 
7 2150 Yes 36.8 20.0 26.0 8.86 
8 2100 Yes 36.0 20.5 22.0 8.88 





Apparent density determinations were made using the 
unmachined and unworked ends of the test bars. A 
comparison of the chemical compositions showed no 
difference between the untreated and nitrogen-treated 
bars. The physical properties of the untreated bars 
compared favorably with the treated samples. However, 
the apparent densities, determined by the difference of 
weight when weighed first in air and then in water, 
seemed to be slightly better in the “swept” metal. 

The author believes that the use of a properly 
cleaned and dried lance would improve the densities 
still further. Moreover, it is not believed that a high- 
density metal insures good physical properties, but a 
low-density metal does mean inferior metal. Fractures 
of these test bars tended to exhibit a denser structure 
in the nitrogen-treated metal. 


Conclusions 


The author submits the following conclusions: 

1. Gassed metal is not a defect nor an operating 
characteristic of the indirect-arc rocking furnace. 

2. A gassed metal condition may be brought about 
by an “outside” influence; be it water in the charge or 
in the furnace lining, or such impurities as sulphur 
or carbon which may give off gaseous reaction products 
in the metal. 

3. Carbon monoxide atmosphere inside a furnace 
which is efficiently operated with a clear arc will not 
be harmful to brasses and bronzes. 

4. A dirty, smoky arc liberating nascent carbon may 
produce gassed metal by virtue of the slight solubility 


of carbon in red brass. 


5. Superheating or reheating the metal bath will 
produce no deleterious gas condition in the furnace. 

6. The reducing atmosphere inside the furnace does 
not reduce the foundry sand on the gates to free silicon. 

7. Due to the relatively close tolerances in the re- 
fractory of the furnace, oxidation loss of the brass or 
bronze is held to a maximum of 0.5 per cent. 

8. Copper-tin alloys may be melted with an oxi- 
dizing flux in the furnace to reduce gassed metal be- 
cause the hydrogen content is greatly reduced in the 
presence of a high oxygen concentration. 

9. The practice of blowing a stream of air into the 
furnace is not widely followed. In a normally operated 
furnace, no apparent benefit seems to be gained from 
this procedure. 

10. Brasses containing considerable zinc and phos- 
phorus may be swept with an inert gas such as nitro- 
gen to lower the hydrogen concentration of the melt and 
thus reduce the possibility of producing gassed metal. 
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DISCUSSION 


Chairman: W. Romanorr, H. Kramer & Co., Chicago 

Co-Chairman: H. J. Roast, Retired, Canadian Bronze Co., 
Ltd., Montreal 

B. N. AMEs and N. A. KAHN (Written Discussion)" The prob- 
lems attendant to gas absorption during the melting of the non- 
ferrous alloys has been a live subject for study and discussion. 
More specifically, the effect of the furnace atmosphere gener- 
ated in the indirect arc furnace on the ultimate pressure resistant 
qualities of the tin bronze alloys has precipitated a wide diver- 
gency of opinion throughout the years. 

The author is to be commended for recording his experiences 
on this subject and for making a valuable contribution to the 
literature. The writers have had considerable experience with 
this type of melting unit both in connection with repair ship 
operations with the fleet and in the foundry operations with 
which they are associated; particularly in the production of tin- 
bronze alloys intended for pressure and temperature applications. 
These experiences parallel those of the author and we are in 
general agreement with the conclusions submitted. 


However, we would like to emphasize certain characteristics * 


in the operation of this melting unit to which, we believe, in- 
sufficient emphasis has been placed by the author and by many 
other operators. One important element is the carbon electrodes 
which are utilized as the heat source. Soft, porous, damp and 
as mentioned by Mr. Dietl, misaligned electrodes will cause a 
smoky or choked arc condition with resulting poor quality metal. 
Unfortunately, like many other foundry materials which we use, 
we have not established any sensitive barometers of quality, for 
procurement purposes. Hence variations in electrode quality 
may result in variable operating characteristics. If the electrode 
quality is such that a fine graphitic deposition of ionized car- 
bon occurs, scrap percentages will increase. Therefore it is in- 
cumbent upon operating personnel to record accurately their 
electrode consumption per ton of metal melted and to investi- 
gate promptly conditions wherein electrode consumption rates 
increase beyond the norm. This does not mean, however, that 
every condition of a “choked” arc and ionized carbon deposition 
in tin bronzes can. be attributed directly to the graphite elec- 
trodes employed. 

There are other variables which can be responsible for this 


1 Senior and Principal Metallurgist, respectively, Material Laboratory, New 
York Naval Shipyard, Brooklyn, N. Y. 


GASES IN INDIRECT-ARC FURNAC 


same condition. One such variable is patching technique. T| 

author has mentioned the deleterious effects of melting in th’; 
unit with improperly dried out linings and patches, and refra: 

tories containing a sodium silicate bond or silicon carbide. W. 
should like to emphasize however another patching malpractic 

which can cause operating difficulties. In chipping out areas o 
a lining one should make certain that the area is complete! 

free of metal before a repair patch is keyed in. A patch coverin, 
metal fused to the lining wall will cause a choked arc condition 
and graphite deposition which becomes most severe at th 
transition from solid to liquid. Metal splatter in the port 
sleeves can also contribute to this condition. 

In connection with the normal atmosphere attendant with 
melting in the indirect arc furnace, the writers agree with the 
author in the statement that the relatively high carbon monox 
ide atmosphere is not deleterious to metal quality. Although 
controversies as to carbon monoxide solubility in copper have 
been waging in the past years, on the basis of more recent work 
it is generally agreed that carbon monoxide is not soluble in 
copper and bronze and hence could not cause difficulty, per sé. 

However, this is apart from the carbon-oxygen reaction which 
may result in poor metal quality. This reaction may be caused 
by deposition of ionized carbon on the bath, the possible slight 
solubility of carbon in bronze and its eventual oxidation to in 
soluble CO and CO, upon pouring. Orsatt analyses made by 
the writers indicate that the atmosphere during the complete 
melting cycle can vary over a considerable range from a very 
low carbon monoxide content of 2 per cent 10 min after “arc 
on” to a high of approximately 50 per cent carbon monoxide 
just prior to tapping. Variations in atmospheres from one fur- 
nace to another can be attributed in part to the condition of the 
furnace such as the degree of clearance in the port sleeves, 
spout opening, and alignment and quality of the electrodes. 

Hydrogen analyses will vary too, depending upon controls 
exercised by the operator on the character of the charge and the 
furnace lining. The hydrogen content is a function of outside 
factors, the “fuel” contributing no hydrogen to the furnace 
atmosphere. The writers have always considered that the at- 
mospheric conditions existing in the indirect arc furnace are on 
the average slightly reducing. We have had our best results 
with this unit based on this approach. Some evidence that this 
condition may exist is shown by the total oxygen content of 
Orsatt analyses of the furnace atmosphere which is in excess of 
the total oxygen present in the atmosphere. This may be at- 
tributed, in part, to the reduction of oxides. Hence, the writers 
in utilizing ingot material for remelting in this unit always 
specify “rough-top” to take advantage of the residual oxide con- 
tent. 

Ingot material which has been refined under heavily re- 
ducing conditions will be a source of difficulty in obtaining 
pressure tight castings. In view of this possible deoxidizing con- 
dition, it is our practice in treating tin bronze alloys melted in 
this unit, to deoxidize with 1 oz of phosphorus-copper per 100 
Ib of molten metal. It is considered that this amount is sufficient 
for normal practice. In fact, tests conducted by the writers indi- 
cate that phosphorus-copper utilized in poor quality melts will 
precipitate gaseous inclusions and will result in “leaky” castings. 
The author mentions this latter possibility. 


The writers also have data to support the conclusion sub- 
mitted by the author to the effect that superheating or reheating 
the metal bath will produce no deleterious gas condition in the 
furnace. We would like to qualify that statement perhaps by 
noting . . . if the operating conditions are satisfactory. In recent 
individual test heats, gun metal bronze was superheated in an 
indirect arc furnace to 2100 F, 2200 F, 2300 F, 2400 F, and 2500 F 
respectively and standard Navy test bars were poured at 50- 
degree increments with and without phosphorus-copper deoxi- 
dation. Graphed results with phosphorus-copper deoxidation 
indicate that the superheat temperature is not critical and does 
not deleteriously affect the trend of mechanical properties. How- 
ever, as will be noted pouring temperatures are critical and 
should be accurately controlled. 

R. L. Space:* You employ Detroit rocking and the Ajax- 
Wyatt furnaces as well as crucible furnaces. Do you have com- 
parative figures showing melting costs on like alloys on the three 
furnaces? 


2 District Manager, American Crucible Co., North Haven, Conn. 
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Mr. DietL: I would not want to publish the figures that I 
have because they are very old, and I did not have a chance to 
bring them up to date. 

H. L. SmirH:* I wish to commend Mr. Diet! for contributing 
an excellent paper to the foundry technical literature. Does the 
author have any gas analyses giving percentage oxygen and 
carbon dioxide along with the high carbon monoxide condi- 
tions? Did the author find it necessary to control the amount 
of current that goes into these furnaces? In other words, does a 
variation in electrical input cause any of this porosity or does 
it change the gas analysis? 

Mr. Diett: In reference to your question on furnace atmo- 
spheres, I have no data which you ask for. Someone else made 
the Orsatt analyses and that individual found the furnace atmo- 
sphere to be mostly carbon monoxide and nitrogen and very 
little else. It is the “very little else” that is important. In 
charging a furnace, it is naturally exposed to the atmosphere and 
filled full of air. I think that a carbon arc runs around 10,000 
degrees. Nascent carbon at that temperature is very reactive and 
it probably forms carbon monoxide and even CO,. In other 
words, the molecule of oxygen that is up in the corner of the 
furnace does not necessarily have to get down to the arc to 
combine with carbon; it can combine with carbon monoxide up 
there and form CO,. However, the CO, will go back to the arc 
and break up into carbon monoxide and oxygen and the oxygen 
reacts with the nascent carbon. So at the end of the heat, you 
have no CO, there at all but it is mostly carbon monoxide and 
nitrogen. 

In reference to youn question on power input, the factor be- 
came very apparent during the winter when we were unable to 
get all the power we needed. Under those conditions, with the 
fall in voltage that was received at the furnaces, there is a drop 
in the Kw power input and the furnace melts longer. It might 
even get to the point where it has a smoky arc. It is necessary 
to change the taps on the transformers to take care of that. If 
it is not possible to get all needed power, a period of slower 
melting exists. 


8 Executive Technical Engineer, Federated Metals Diy., American Smelt- 
ing and Refining Co., Pittsburgh 


Mr. SMITH: How much oxygen and carbon dioxide would 
you say is in these furnaces? Is it in the neighborhood of 1 
or 2 per cent? 

H. M. St. JouHn:* A number of years ago, analyses were made 
with which I was familiar at the time and still remember fairly 
well, showing that at the end of the heat oxygen was not pres- 
ent. The CO, ran between | and 2 per cent. 

There is one other point I would like to mention. Several 
years ago we had a condition in the operation of a large De- 
troit furnace where we had to supply about 250 lb of metal every 
7 or 8 min. A furnace having a capacity of 1,000 Ib each heat 
and delivering metal once every half hour just did not fit the 
picture. So, rather skeptically, we tried the idea of starting the 
furnace so early that at the time the foundry began work, we 
had about 2,000 Ib of molten metal in the furnace ready to pour. 
We took out 250 Ib of hot metal and put in 250 Ib of cold metal 
maintaining the molten charge in the furnace all day long in a 
superheated condition, taking out molten metal when needed 
and putting in cold metal to take its place. Rather to my sur- 
prise, we had no unfortunate results. We got an excellent qual- 
ity of metal and have since been following that practice for 
about 10 years in that particular section of the foundry. I do 
not recommend it as general practice, because it is not the most 
efficient way to operate the furnace. But as far as metal quality 
is concerned, holding the metal superheated at 2200 F or even 
as high as 2300 F all day long under a carbon monoxide-nitrogen 
atmosphere, we had no difficulty. 

W. B. Scott:* The nonferrous foundry literature is blank as 
far as gas equilibrium systems is concerned. But if one goes 
to the heat treating literature, considerable information is read- 
ily available. For instance, you will find the simple CO-CO, sys- 
tem will show a ratio of about 90 per cent CO, 10 per cent CO, 
in equilibrium at 1800 F. At 1900 F the ratio is somewhere near 
95 per cent CO, 5 per cent CO,. 

With a slight excess of CO,, this atmosphere would become 
oxidizing even though no free oxygen would be present. The 
situation becomes somewhat more complicated when the H,O, 
O,, H, system as well as the CH,, H,, and C system are applied. 
But most systems rapidly attain equilibrium when free to do so, 
as in the normal open furnace atmosphere. Slight traces of 
metal oxides may be very active as catalysts in shifting the 
equilibrium from that shown in published data. It is not enough 
to define an atmosphere as oxidizing, neutral, or reducing based 
on chemical content unless one specifies the temperature and 
the metal involved. 

Mr. Diet (Author’s Closure): Mr. Ames’ comments on patch- 
ing techniques are well taken, but not necessarily shared by the 
author. It is agreed that in the repair of a furnace sufficient care 
must be taken that the area to be patched is chipped clean of 
all slag and metal. Otherwise the newly added patch will not 
remain in place and weaken the entire lining. It has not been 
the writer’s experience that metal fused to the lining wall, and 
subsequently covered with patching material, will result in a 
smoky and inefficient arc. It is naturally assumed that the metal 
is fused only to the lining. If the metal is fused to the steel 
shell, and if metal spatter exists in the port hole sleeves so as 
to contribute to a short circuit, then enough current leakage 
will take place to reduce the power being supplied to the arc. 
A dirty arc will result. 

Mr. Ames’ viewpoint is shared by the author in that metal 
spatter in port hole sleeves does contribute to an inefficiently 
operating furnace. The best method of avoiding such current 
leakage is to coat the port hole sleeve with alundum cement each 
morning. This cement is high in heat resistance and electrical 
insulation. 

The question of the use of smooth-top or rough-top ingot has 
been discussed for many years. The author’s opinion is that a 
rough or smooth-top is not so much an indication of the purity 
of the metal as it is an economic advantage to the user to buy 
more metal and less oxide in the smooth ingot. Either ingot 
may be heavily gassed and “puffed” only to liberate the en- 
trapped gases upon remelting. If, however, the ingot is not 
pure, or contains favorable catalysts, neither a smooth-top, nor 


a rough-top ingot will produce pressure tight castings per sé. 


4 Forge and Foundry Supt., Crane Co., Chicago 
5 Metallurgist, Aurora Metal Co., Aurora, Ill. 











Progress Report on 


CENTRIFUGAL CASTING OF 
ALUMINUM ALLOYS 


By 


J. W. Meier* and O. Z. Rylski** 


PART 1—Introduction and Equipment 


IN GENERAL, the research project on centrifugal 
casting of light alloys was undertaken to study the 
possibilities of commercial uses of this casting method 
in light alloy foundries. Successful applications of 
centrifugal casting would increase considerably the 
metal yield of light alloy castings, improve their 
soundness, and increase their mechanical properties. 

The present investigation was started in 1947 in co- 
operation with the Centrifugal Casting Committee of 
the Aluminum and Magnesium Division, American 
Foundrymen’s Society. This Committee! was consti- 
tuted in 1944 under the chairmanship of Mr. David 
Basch and includes representatives of the U. S. and 
Canadian light alloy foundry industry, centrifugal 
casting machine builders, and various potential users 
of centrifugal castings. 

The first project undertaken by this Committee was 
a cooperative attempt to compare castings produced 
statically and centrifugally in various U. S. and Cana- 
dian commercial foundries. 

The test casting chosen was a 13-in. diam spoked 
wheel similar to that used in an earlier British inves- 
tigation!®, and it was agreed to cast it under melting 
and casting conditions established by the Committee. 
The alloys used were: ASTM alloy SGI (Al-7% Si- 
0.3% Mg) and ASTM alloy AZ92 (Mg-9% Al-2% 
Zn). 


Results of First Project 


The results? obtained from this first project, on 27 
castings made for the Committee, showed definite in- 
creases in mechanical properties in the centrifugal 
castings and were considered so encouraging that it 
was decided to continue the investigation in a more 
systematic way and to study the fundamental factors 
affecting the quality of light alloy centrifugal castings. 

It was agreed to investigate primarily the “centri- 
fuging” method, that is, the casting of irregular, un- 
symmetrical castings into rotating molds. It was 


* Head, Non-Ferrous Metals Section, Physical Metallurgy Re- 
search Laboratories, Bureau of Mines, Ottawa, Canada. 


** Research Metallurgist, Physical Metallurgy Research La- 
boratories, Bureau of Mines, Ottawa, Canada. 


* Numbers refer to references at end of report. 


considered that this method is more significant for 
commercial applications than the “true” centrifugal 
castings used for cylindrically-shaped products only. 
It was decided to use sand molds as the least expen- 
sive for experimental work as well as for commercial 
founding. 

A detailed program for the preliminary stage of the 
project to be conducted on aluminum alloys (ASTM 
alloy Cl, Al-4.5% Cu) was adopted, including studies 
on sand mixtures, gating, pouring techniques, casting 
temperatures, spinning speeds, etc. A second stage of 
the project was proposed for magnesium alloys, to be 
carried out if the first stage were successful. Detailed 
information on the recommendations given by the 
Steering Committee are given in the Appendix of Part 
1 of this report. 

The Canadian Bureau of Mines has agreed to 
carry out the whole investigation as a part of its 
broad foundry research program*, intended to im- 
prove fabrication methods and to promote new appli- 
cations of light alloys. The American Foundrymen’s 
Society provided metal and sand for the investigation, 
all other expenses of the project being borne by the 
Canadian Bureau of Mines. 

Actual experimental work performed to date may 
be divided into three phases: 


1. Adaptation and preparation of foundry equip- 
ment and measuring instruments; 
2. Investigation of molding sand mixtures; and 
3. A preliminary study of the effect of mold geome- 
try. 
These phases are reported respectively as Parts 1, 2 
and 3 of this paper. 


Considerable time has been spent on the design of 
special equipment and tools. Serious difficulties were 
encountered in finding a suitable sand mixture of suf- 
ficient strength to withstand metal penetration at high 
centrifugal speeds. Most of the mixtures recommended 
required larger quantities of binders, resulting in ex- 
cessive gas evolution and difficulties in shake-out. 
Finally, a dry sand mixture was adopted, giving fairly 
consistent and satisfactory results. 

The third phase of the investigation included a 
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preliminary study of the metal flow as affected by the 
pouring method, and the design of pouring bowls, 
sprues, gating, venting, etc. The low densities and 
high chemical reactivity of light metals, as well as the 
difficulty of separation of metal oxides of almost equal 
density as the metal, add considerably to the im- 
portance of a smooth filling of the mold cavity. Cast- 
ing experiments showed the complexity of this prob- 
lem and the difficulty of avoiding metal turbulence, 
splashing and gas entrapment in rapidly rotating 
molds. 

Since all of the castings produced to date were con- 
nected with experiments on sand mixtures or changes 
in the mold design, no evaluation of mechanical prop- 
erties was attempted. 

Systematic examination of the various properties of 
castings produced under varying conditions will be 
started after the work on proper mold geometry is 
concluded. 

Mr. G. M. Young, Technical Director, Aluminum 
Co. of Canada Limited, Montreal, Quebec, agreed to 
develop a gating system for static casting of the test 
panel used on the project. His recommendations and 
the results achieved by the Aluminum Co. of Canada 
Limited and by Aluminum Laboratories Limited, 
Kingston, Ontario, were received in April, 1948, and 


- will be included in a later progress report, as related 


to the evaluation of casting properties. 

It is proposed that further experimental work 
should include: (a) a more systematic study of the 
basic characteristics of the metal flow in small-scale 
centrifugal castings; (b) proper gating design; and, if 
successful, (c) production of full-scale centrifuged 
castings in various aluminum alloys for evaluation 
of their properties as compared with static castings of 
identical shape. 


General Remarks 


The three parts of this paper describe work on the 
initia] stages of the investigation on centrifugal cast- 
ing of. light alloys carried out in the Experimental 
Foundry of the Canadian Bureau of Mines, Ottawa. 
The aims and scope of this initial stage are: 

1. To study the characteristics of the sand mixture 
and the mold wash established by the Steering Com- 
mittee (see Appendix 1), and to investigate their 
adaptability to centrifugal casting of aluminum alloys. 

2. To study the mold geometry (sprue, gating) for 
the established test casting, and the centrifugal casting 
techniques (pouring method, spinning speed, etc.) 
proposed by the Steering Committee (Appendix 1). 

3. To establish some general information on the 
eflect of various centrifugal casting factors on the 
castings quality, as a basis for further research work. 

A thorough survey of technical literature was made, 
including, also, general references on the history and 
mathematics of centrifugal casting, on centrifugal 
casting equipment, and on foundry techniques used 
for ferrous and cuprous alloy centrifugal castings. This 
survey, based to a considerable extent on the excellent 
compilations of A. Vaeth* and H. F. Taylor, will be 
reported separately at a later date. Most of the avail- 
able data apply to the true centrifugal casting tech- 
nique used in the production of castings of cylindrical 
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shapes. The commercial production of unsymmetrical 
castings by centrifugal action is relatively recent. 

The literature survey shows clearly that no sys- 
tematic studies of the fundamental mechanism of the 
metal flow in the centrifugal casting process were car- 
ried out. Most of the practical development work was 
connected with periodic demands for a specific foundry 
product. Although the results of these contributions 
added considerably to the development of the cen- 
trifugal casting technique, very little information is 
available on the basic aspects of the fluid performance 
of metals under centrifugal action, especially in the 
more complex centrifuging of castings of other than 
cylindrical shapes. 

Although the centrifugal casting practice is not new, 
there is still much controversy as to its advantages and 
applications. As early as 1898, E. Lewicki (see Ref. 5) 
had summarized its advantages, as follows: 

1. Greater strength, due to dense castings free from 
blow holes. 

2. Elimination of cores, resulting in economy of 
operation. 

3. More complete filling of the mold, ensuring sharp 
outlines in the casting. 

4. Influence on the chemical changes in the metal 
during casting. 

5. Possibility of combining two or more metals in 
the same casting. 

According to P. Blackwood and J. Perkins®*, the 
application of centrifugal casting to foundry practice 
is unlimited when using the dry core type of sand, 
and is more economical than the static method of cast- 
ing. Their results from spinning the metal in green 
sand, without the use of flasks, were also very promis- 
ing and opened an entirely new field of application. 
According to these authors the main advantages of 
centrifugal casting are: 

1. Possibility of applying centrifugal casting tech- 
niques to practically every type of commercial casting 
alloys. 

2. Use of metal combinations in the same casting 
(e.g. steel jacketed bushings) . 

3. Cost: 

a. Decreased amount of machining, due to close- 
ness to which finished dimensions of cen- 
trifugal casting can be held. 

b. Much higher metal yield obtained with cen- 
trifugal casting. 

4. Quality: 

a. Uniformity of grain distribution. 

b. Elimination of non-metallic inclusions and 
uncombined gases. 

c. Accurate filling of the most intricate shapes of 
the mold cavities. 


C. K. Donoho’ claims that the pressure in centrifu- 
gal casting “confers the advantages of better feeding, 
elimination or reduction of shrinkage cavities and 
gas pockets, and denser metal.” He favors metal molds 
in applications “where the outside contour of the cast- 
ings is simple enough so that it can be readily slipped 
out of the mold; where a very large quantity of identi- 
cal castings are to be made; or where a fast cooling 
rate from outside inward with attendant fine grain is 
desirable.” Sand molds should be applied “where the 
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metal must flow relatively long distances over the 
mold surface; where the shape of the casting is such 
that the mold must be broken down in order to re- 
move the solid casting; where it is essential to be able 
to vary the dimensions and the shape of similar cast- 
ings; and where a relatively uniform cooling rate 
throughout a thick section is desirable.” 

C. W. Briggs® states that “if a well fed statically 
poured casting is compared to a true centrifugal cast- 
ing of similar design, there will be no difference in the 
density of the two castings, since the rates of cooling 
and effect of mass conditions are similar. Centrifugal 
castings of all types will continue to gain in popular- 
ity. The immensity of the field of application has 
only been scratched. The fact that many different 
sizes and configurations of castings exist which can be 
centrifugally cast is just becoming appreciated.’”” The 
main advantages for centrifugal casting of steel, ac- 
cording to Briggs seem to be: 


1. Better mold filling, 

2. Ability to use colder metal for pouring, 

3. More favorable temperature gradients and 
better conditions for directional solidifica- 
tion, and 

4. Increased metal yield, elimination of cores 
for cylindrical objects, and cheaper produc- 
tion costs. 

N. Janco®?° claims that “practically any size and 
shape of casting may be poured in a vertical casting 
machine.” According to this author, the main reasons 
for casting centrifugally instead of statically are: 

1. To obtain better quality, 

2. To produce castings more economically, 

3. To cast parts which cannot be cast statically. 

Referring to the quality of the centrifugally cast 
products, he compares them with forgings and states 
the superiority of centrifugal castings is due to the 
lack of directional properties. 


’ Opinions on Centrifugal Casting 


There are some controversial opinions as to some of 
the advantages of centrifugal casting. L. Cammen !! 
points out that in centrifugal casting it is very impor- 
tant to use clean steel because . . . “the general belief 
that in centrifugal casting all impurities will be 
thrown out of the metal and delivered to the inside 
face of the casting, in a manner similar to what oc- 
curs in milk separators, is based on an incomplete un- 
derstanding of the facts.” In his opinion the viscosity 
of the metal is too great, and the time during which 
the liquid metal is subject to the centrifugal force is 
too short, to allow for segregation of the fine particles 
of impurities towards the center. “As a rule the finer 
impurities will be found in that part of the pipe to 
which they were delivered by the flow of metal. On 
the other hand, segregation is naturally absent in 
properly cast tubes, which is due to the same causes 
which prevent the travel of impurities to the inner 
face, namely the lack of time for the transfer of solid 
nonmetallics and sulphur, phosphorus, silicon, man- 
ganese and carbon compounds from one part of the 
cast tube to another.” 

According to O. R. J. Lee and L. Northcott??, the 
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degree of chemical segregation caused by centrifuginy 

“depends not only upon the centrifugal for: 
(times gravity) acting, and on the relative density o 
liquid and solid, but also on the differences between 
chemical composition. In alloys where the liquidus 
solidus range is small, quite large density difference 
between liquid and solid will cause little variation in 
composition.” 

H. Zuehlke!*-1* points out three main requirements 
for successful centrifugal casting of non-ferrous alloys, 
namely: 

1. Uniform and quick distribution of molten 
metal over the entire surface of the mold. 

2. Progressive solidification of the metal from 
the mold surface toward the center. 

3. Final accumulation of all the dirt and im- 
purities in the center, where they can be re- 
moved by machining. 

Being of the opinion that the maintenance of those 
requirements governs the quality of casting, Zuehlke 
points out that there is a limit to progressive solidifi- 
cation to the center and that this limit is reached when 
“the wall thickness of a centrifugal casting becomes 
so great that the rate of heat transfer from the molten 
section of the casting through the exposed ends of the 
mold is about equal to that back through the previous- 
ly frozen material. If the casting is thicker than this 
limit, freezing will start at the inside of the casting 
and this will result in a spongy and porous layer just 
as though a static casting were poured without a 
riser.” 

Summarizing all the opinions expressed by the 
various authors, the following advantages, both metal- 
lurgical and economical, seem to be covering the 
reasons for the growing application of centrifugal 
casting techniques in ferrous and heavier non-ferrous 
foundry practice: 

a. Metallurgical— 

1. Segregation of impurities towards the center. 

2. Elimination or reduction of shrinkage cavi- 
ties and gas pockets, resulting in greater den- 
sity of metal; 

3. Directional solidification and favorable tem- 
perature gradients; 

4. Grain size refinement; 

5. Greater uniformity of mechanical proper- 
ties, equal in all directions; 

6. Increases in mechanical properties and duc- 
tility. 

b. Economical— 

1. Increased metal yield up to 90 per cent; 

2. Decreased cleaning cost; 

3. Closer tolerances, due to more complete fill- 
ing of the mold; 

4. Shorter time of production; 

5. Decrease of factory space and equipment re- 
quired for fabrication; 

6. Ability to use colder metal; 

7. Elimination of cores in cylindrical castings. 

The technical literature on centrifugal casting ‘of 
light alloys is very limited and may be regarded rather 
as theoretical and speculative, based mostly on gen- 
eral mathematical formulas applied to lower density 
alloys. There is very little information available on 
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commercial centrifugal casting practice in light alloy 
foundries. 

Earlier attempts (see Ref. 4, 15) to cast aluminum 
alloys centrifugally into sand molds were unsuccessful 
because of the conclusion. reached, in each case, that 
the speeds required would be too high for practical 
consideration. 

The most systematic investigation on centrifugal 
casting of aluminum alloys into sand molds was re- 
ported by L. Northcott and O. R. J. Leel®. These 
authors showed that with proper consideration of 
casting design, gating geometry, molding technique, 
and pouring method, the spinning speeds may be 
brought within a practical range resulting in improved 
casting quality. The investigation was carried out, cast- 
ing spoked wheels in four aluminum alloys. It was 
found that the speed of rotation for centrifugal cast- 
ing of light alloys must be high, because it is consid- 
ered that a certain minimum internal pressure in the 
outer zones of the solidifying casting is one criterion 
of success. With the sand and conditions employed in 
the investigation, the maximum safe speed was about 
2,600 fpm (32 psi maximum internal pressure) . The 
soundness and strength of castings generally improved 
as the speed was increased to this limit, and a further 
improvement in surface quality would be expected if 
3,000 fpm (47 psi maximum internal pressure) could 
be obtained with safety. 

Although there was only a slight increase of density, 
test bars from centrifugal castings in alloy DTD 304 
(Al-4.5% Cu) showed an improvement of 15 per cent 
in tensile strength and 78 per cent in elongation over 
a static casting. For alloy DTD 300 (Al-10% Mg), 
the corresponding increases were 20 per cent and 60 
per cent respectively. Only light improvements in 
mechanical properties were obtained with alloys RR50 
(Al-1.2% Co-2.5% Si-1% Ni) and 2L33 (Al-11% 
Si). When the complete wheels were tested to de- 
struction, the centrifugally cast wheels withstood a 
maximum load on the average 16 per cent higher than 
the statically cast wheels. 

Macrostructure of Centrifugal Castings 

The macrostructure of the centrifugal castings 
showed columnar crystals growing from inner vertical 
surfaces, with equi-axial crystals in the outer zones of 
the castings. As the speed of rotation increased, the 
columnar crystals became longer and the equi-axial 
crystals smaller. Additional castings in other selected 
alloys provided data which confirmed an explanation 
of the origin of these structures based on the operation 
of a centrifuging action during the solidification in- 
terval, when the densities of liquid and solid are 
different. 

A high pouring rate is essential to prevent splitting 
of the metal stream in its rapid acceleration along the 
gates. The importance of proper design of the cast- 
ings is stressed to obtain inward radial solidification 
from the periphery to the central runner. The radial 
segregation and columnar crystal growth at high 
speeds may be minimized by restricting time of solidi- 
fication, obtained in practice by casting at low temper- 
atures into unwarmed molds. 

A. Vaeth!® states that for aluminum alloys the 
spinning speeds used depend on the wall thickness of 











605 





the casting. The spinning speeds necessary for a suc- 
cessful casting have to be considerably higher for 
greater wall thickness of the casting (in cylindrical 
shapes), especially for small mold diameters. The best 
results are to be expected if the ratio of the outside 
diameter of the casting to the inside diameter is ap- 
proximately 1.15. Vaeth quotes some German results, 
comparing mechanical properties obtained in an 
aluminum alloy cast into static permanent molds and 
centrifugally whereby the centrifugal casting showed 
increases of 60 per cent in tensile strength and 80 per 
cent in elongation. 

E. J. Basch, P. Blackwood, and J. Perkins'™ give 
some practical considerations on centrifugal casting of 
aluminum alloys, stating that any aluminum casting 
alloy can be cast centrifugally. They believe that the 
only special practice for centrifugal casting of alumi- 
num alloys consists in pouring the metal at a tempera- 
ture 100 F (55 C) lower than would be required for 
the same part statically cast. 

F. P. Strieter and R. J. Maenner'® describe a suc- 
cessful application of the true centrifugal casting 
process to magnesium alloys. The casting produced 
was a ring of 13 in. O.D., 11 in. L.D., and 1 in. thick. 
A fast and very careful pouring technique was used, 
with a rotation of 1000 rpm, and peripheral pouring 
in the direction of mold rotation to minimize metal 
turbulence. A comparison of static and centrifugal 
castings indicates considerable grain refinement as 
result of the centrifugal casting process and lack of 
any microporosity. Mechanical properties show an 
increase of approximately 20 per cent in the tensile 
strengths. The paper is concluded with the statement 
that “the centrifugally cast ring is superior to the stati- 
cally cast ring in quality and is somewhat better in 
economy of production.” 

Private communications from two firms which were 
engaged in centrifugal casting of aluminum alloys in- 
dicate a trend to cast using low spinning speeds and 
to concentrate on the economic advantages of this 
casting method rather than to seek improvement of 
properties of the castings. Speeds of about 100 rpm 
are being used. Exceeding this speed even slightly 
(e.g., 125 rpm) is considered detrimental, due to ex- 
cessive turbulence of the metal entering the mold 
cavity, resulting in oxide inclusions, porosity, and a 
general unsoundness of the castings. 


Foundry Equipment 


Considerable work was necessary to adapt the exist- 
ing foundry facilities of the Bureau of Mines to the 
special requirements of the centrifugal casting project. 
Flasks, holding and clamping devices, pouring bowls, 
sprue supports, a pattern plate and interchangeable 
pattern inserts, etc., had to be designed and produced. 
The purchase of a new core baking oven and a larger 
molding machine, considered for some time for other 
foundry work, had to be realized and made the hand- 
ling of the large centrifugal molds possible. 

A general description of the equipment and some 
of the adaptations made is given below. 


Centrifugal Casting Machine—The centrifugal cast- 
ing machine, made by the: Centrifugal Casting Ma- 
chine Co., Tulsa, Okla., is a vertical axis machine with 
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continuously variable speed control from 0—-1700 rpm 
and capable of using molds up to 30 in. in diam and 
25 in. in height. Time of acceleration of the machine 
with assembled molds of approximately 200-lb weight 
from 0-600 rpm, using the maximum permissible rheo- 
stat setting, is approximately 45 sec. Rotation is clock- 
wise, 

Figure | shows an electrical diagram of the machine 
assembly, including a newly added electrical tachom- 
eter with a generator mounted to the shaft of the 
revolving table. 

Figure 2 shows a view of the machine with mold 
assembled and top cover removed. 

The mechanically operated speedometer, as supplied 
with the machine, was mounted to the motor shaft 
and was not showing the actual speed of the revolving 
table. An investigation was carried out to compare 
the readings on this speedometer with thie actual re- 
volving speeds of the table as recorded by a hand- 
operated tachometer and a stroboscope. Figure 3 
shows graphically the variations in speeds as shown by 
the speedometer and the tachometer for various rheo- 
stat settings. 

A new electrical tachometer with a generator 
mounted directly to the shaft of the revolving table 
was acquired and the mechanical speedometer dis- 
mounted. Table 1 shows a comparison of measure- 
ments of speeds of the unloaded revolving table as 
recorded by the new electrical tachometer, the hand- 
operated tachometer, and a stroboscope, for different 
rheostat settings. 

A check-up with a special vibration recorder re- 
vealed a very good balance in the revolving table. 
Some vibration was recorded after mounting the flasks, 
which is obviously due to a rather rough manufacture 
of the flasks. Because of the heavy weight of the re- 
volving table (a | in. thick steel plate of 44 in. diam), 
considerable time is needed for the acceleration to a 
constant spinning speed for a corresponding rheostat 
setting. The time of deceleration varies in a small 
range, depending on the initial revolving speed. De- 
celeration (braking) of the revolving table is being 
obtained by the use of an electromagnetic clutch. 

Figure 4 shows the acceleration curves of the un- 
loaded revolving table for various rheostat settings. 


In actual casting, the time of acceleration may be 
reduced considerably by an initial rheostat setting ex- 
ceeding that required for the actual spinning speed. 
Time of acceleration from 0 to 600 rpm, with fully 
loaded revolving table, may be reduced to 45 sec. This 
procedure requires some skill from the operator in 
order not to exceed the required speed of pouring 
and to maintain it steady during a 3-minutes’ run of 
the machine. Time of deceleration, with the table 
unloaded, varies from 45 sec for the initial speed of 
200 rpm to 30 sec for 600 rpm. Time of deceleration 
may be reduced by maximum allowable setting of 
rheostat corresponding to the spinning speed used 
during casting. 


Molding Flasks—The existing molding flasks, shown 
in Fig. 5, were not very suitable for research work 
(tendency to warping in baking, and generally rough 
finish). For the initial stage of the investigation the 
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TABLE | 





Speed of Revolving Table in rpm 





Rheostat Setting 


65 66 70 72 
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Fig. 5 


type of flask was modified to economize on sand and 
to meet requirements of mechanical molding, using a 
sand mixture of low green strength. Figure 6 shows 
the modified flasks; the vertical dimensions of the 
flasks were cut by half, reducing the load and facili- 
tating the molding operation. 

Figure 7 shows the assembled mold. 


Sprue—The modification of the molding flasks re- 




































































Fig. 7 
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Fig. 8 


quired the redesigning of the original shape of the 
sprue support, shown in Fig. 8. 

Figure 9 shows the redesigned sprue supports with 
straight and tapered channels. The lower part of the 
sprue support provides for additional length to fill the 
space between the level of the molded sand and the 
top rim of the flask (see Fig. 7 and 11). Sharpened 
edges at the bottom rim provide a 4-in. insertion into 
the molded sand surface, preventing any possibility 
of metal splashing at the joint. 

After a series of experimental castings the original 
taper of the sprue support (as shown in Fig. 9, top 
drawing) , designed to obtain a smooth flow of metal 
into the mold cavity, taking advantage of the centrifu- 
gal force, was changed to a reversed taper. Details of 
these changes are given in Part 3 of this report. 
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Pouring Bowl—To provide bottom pouring, a spe- 
cial silicon carbide pouring basin was acquired. Three 
different level markers were used to maintain a proper 
level of the metal before pouring, just sufficient to 
provide (a) filling of the mold cavity, gates and sprue; 
(b) leaving the sprue empty; (c) leaving sprue and 
gates empty. A heated graphite stopper is being used, 
in order to avoid temperature losses in the metal. 
Figure 10 shows the pouring basin as used in the first 
stage of the investigation. Later, the main hole of the 
pouring base was enlarged to provide space for inter- 
changeable nozzles (see Part 3 of this report) . 
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Mold Assembly—Figure 11 shows the complete as- 
sembly of molds, sprue support, centering cover, main 
cover, and pouring basin, mounted on the revolving 
table. 

Figure 12 shows a view of the machine assembled 
before pouring, with the main cover fixed in casting 
position, the pouring basin mounted and centered in 
the main cover, and the stopper inserted in the pour- 
ing hole. A level marker is mounted on the side of 
the pouring basin. 


Molding Machine—A jolt-squeeze stripper molding 
machine (Fig. 13) was adapted for molding by remov- 
ing the stripper plate. Working pressure was 60 psi. 
Figure 13 shows the machine and supplementary 
equipment used in molding. 


Baking Furnace—An electrically heated, forced air 
circulating type core oven, with 6-ft x 5-ft x 4-ft load- 
ing space, was installed for the baking of molds and 
cores. ‘Temperature control is by an expansion-type 
pyrometer over a temperature range of 0 to 315 C. 
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Sand Mixing Machine—A Simpson Mixer, style C, 
was used for sand preparation. 


Patterns—The tendency to warping excluded the 
original wooded patterns from further application 
after the first moldings. The large dimensions of the 
pattern, also the factors of weight and handling con- 
venience in the molding operation, necessitated light 
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and dimensionally stable metal patterns, and mag- 
nesium alloy AZ80X was chosen for this purpose. The 
new match plate (32 in. in diam) and all exchangeable 
inserts to the various patterns were cast in this alloy 
and machined. Figure 14 shows the shape and dimen- 
sions of the test casting established by the Steering 
Committee. 

Figure 15 shows the engineering drawing of the 
match plate. Figure 16 shows the match plate with 
pattern assembled. 

Figures 17 to 26, inclusive, show the shapes of pat- 
terns, designed according to the general recommenda- 
tions of the Steering Committee, that were used in the 
first stages of the investigation. 

Melting Equipment—A small gas-fired melting fur- 
nace and silicon carbide crucible No. 16 were used 
for the preparation of the melts. Figure 27 shows the 
arrangement. 


~ of 
Fig. 27 


Appendix lI. 
Conditions for Casting Test Panels Centrifugally 


The following is a list of decisions made by the 
Centrifugal Casting Committee at its meeting at 
Ottawa, Ontario, on July 31, 1947. 


1. Design of Test Casting—It was agreed to start the 
project, using the type of casting suggested by Mr. 
Janco’s task group. The casting dimensions, however, 
were changed to 6 in. x 4 in. (Fig. 14). It was agreed 
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to start the work with a % in. thick section and later 
to repeat the work with 3% in. and 1% in. sections. 
Further decisions regarding gating, etc., on these cast- 
ings were to be based on the results obtained with the 
34 in. casting. 

2. Gating—The first gating design is shown in Fig. 
27A. It was felt that eventually it may be advan- 
tageous to gate the side castings at the end and deter- 
mine the best condition. The shape of the bottom of 
the sprue was to be determined by test. 
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Fig. 27A—Sketches made during Committee meeting 
in Ottawa. 


3. Quantity of Metal to be Poured—It was agreed 
that some preliminary tests should be made with 
metal quantity adjusted to just supply the castings 
proper (plus a smal] nub to ensure complete filling) , 
and then varying upward to complete filling of the 
sprue. The amount to be poured in the final tests 
would be the minimum quantity giving sound castings. 


4. Spinning Speeds—Two speeds were to be used in 
the final tests, The lower speed is 400 rpm, the higher 
800 rpm. 
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5. Alloy to be Used—The alloy to be used was to be 
195 alloy conforming to ASTM designation B179-46T, 
alloy Cl, and the castings made would conform to 
ASTM designation B26-46T, alloy Cl, for chemical 
requirements. 


6. Metal Temperatures—The metal shall be poured 
at 1250 F (677 C) plus or minus the accuracy of meas- 
uring equipment. No decision was made as to maxi- 
mum temperature to be attained by-the melt. 


7. Mold Temperature—It was agreed that due to 
difficulty of holding a mold at elevated temperatures 
the mold would be kept at room temperature. 


8. Duration of Spinning—The mold was to be kept 
at speed for 3 min after filling the mold. 


9. Knockout Time—The mold was to be shaken out 
between 10 and 15 min after pouring. 


10. Method of Pouring—It was agreed that a bottom- 
pour crucible be placed over the sprue and the pour- 
ing hole be of such size that the metal will pour as fast 
as the gates will permit. It was also agreed that the 
mold would be up to speed when the casting was 
poured. 


11. Sand—It was agreed to use the following sand 
mixture: 

200 Ib washed New Jersey Silica Sand 
(A.F.S. grain fineness of 80), 

41% |b corn flour (mogul), 

21% Ib linoil, 

9 Ib water. 

The mold was to be baked at 400 F (204 C) for 6 

hr and sprayed whiie still hot with the following wash: 
93.5 per cent silica flour, 
2.3 per cent bentonite (western) , 
0.2 per cent sodium benzoate, 
4.0 per cent dextrine, 
65.0 per cent water (added) . 

12. Admixture of Scrap—The scrap was to be re- 
melted, poured into ingots, analyzed, and charged 
with 40 to 60 per cent of virgin ingot depending, of 
course, on maintaining the analysis specified in ASTM 
B26—-46T. 

13. Crucibles—Silicon carbide crucibles were to be 
used. 


14. Metal Purification—When the scrap is remelted 
it was to be chlorinated for cleaning purposes. Ne 
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flux was to be used on production heats. (If at a late: 
date a flux was needed, a sodium chloride-potassium 
chloride-cryolite mixture was to be used.) 


15. Number of Castings—Under each set of definite 
conditions three complete castings will be poured. 


16. Tests—Test coupons will be cut from the cast- 
ings as shown in Fig. 27A. The castings were to be 
submitted to the following examinations: 

a. Visual inspection of surface. 

b. X-ray examination. When necessary 4 in. thick 
sections were to be examined; otherwise, the 
heavier section only would be used. 

c. Mechanical tests. No mechanical tests were to be 
performed unless the casting was sound. 
Segregation studies. Some samples would be ex- 
plored spectrographically but no general segrega- 
tion analyses would be made unless X-ray studies 
indicated the necessity. 

e. Oxide and dirt inclusions. These would be deter- 
mined somewhat by X-ray studies but fracture 
appearance would also be noted and classified. 

f. Photomicrographs. Some sections would be cut 
out, polished, etched, and photographed. 

g. Photomacrographs. Some samples would be ma- 
chined, etched, and photographed. 

h. Grain size. The test sections would be rated for 
grain size from their fractures. 

i. Density measurements. Some specific gravity 
tests would be made. 

j. Hardness tests. Some Brinell surveys of castings 
would be made. 


— 


a. 


Light Alloys Limited and the Aluminum Company 
of Canada Limited would assist in machining test sec- 
tions, if necessary. ; 

17. Treatment of Castings—The castings would be 
given a T6 heat treatment as shown in Alcoa’s 1947 
book entitled Casting Alcoa Alloys, p. 127. 


18. Static Castings—Mr. Young of the Aluminum 
Company ,of Canada Limited would develop a gating 
system for a 34 in. x 4 in. x 6 in. sand-cast block. The 
Aluminum Company of Canada Limited would make 
10 or 12 castings of this size and shape and submit 
them for the same tests as those outlined for the 
centrifugal casting. Mr. Meier desires to use the mold 
as a check on his own melting practice, and would 
submit a representative number to the same tests. 





PART ILI. Investigation of Molding Sand. 


Original Sand Mixture 


The following mixture of core type sand was estab- 
lished by the Steering Committee of the Centrifugal 
Casting Committee at its meeting on July 31, 1947: 


200 lb washed New Jersey silica Per Cent 
sand (AFS 80) 100 
4.5 lb corn flour (mogul) 2.25 
2.5 Ib linoil 1.25 
9.0 lb water 4.5 


The molds were to be baked at 204 C (400 F) for 6 
hr and sprayed, while still hot, with the following 
mold wash: 


Per cent 
Silica flour 93.5 
Bentonite (western) 2.3 
Sodium benzoate 0.2 
Dextrine 4.0 
Water 65 added 


Several castings cast into molds prepared and baked 
according to the above specifications showed the defi- 
nite unsuitability of the proposed mixture for cen- 
trifugal casting, due mainly to the following detri- 
mental characteristics of the mixture: 


1. Pronounced tendency for burning. 
2. Looseness of sand in burnt areas, 
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TABLE 
Sand Mixture No. 1 1A 1B 1c 
Basic Sand—%, 
New Jersey Washed 
Silica Sand (AFS 72) 100 100 100 100 
Whitehead Silica Sand (AFS 65) — — oe pats 
Port Crescent Sand (AFS 52) — — —_ ash 
Albany Bank Sand (AFS 155) — — a s 
Additions—Per Cent 
Corn flour 2.25 2.25 2.25 2.25 
Silica flour anne oun 1.0 
Western bentonite — —n si dal 
Linoil 1.25 1.00 0.5 1.00 
Truline i — tine nes 
Water 4.5 4.5 4.5 4.5 





1D 1E IF 1G 1H lJ 1K 2 3 
100 100 100 80 80 100 100 — — 
<n done om —_ — — —_ 100 
aan nen a _ — — — 100 -—_ 
—_ — — 20 20 — _— — -- 
25 2.25 2.25 2.25 2.25 15 — 2.25 2.25 

2.0 4.0 6.0 — — — — ae se 
_ _ -— — —_ —_ 2.25 — 

0.5 0.5 0.5 1.0 0.5 0.5 1.25 1.25 1.25 
— — —_— — — 1.0 — — — 
5 4.5 4.5 4.5 4.5 5 4.5 4.5 4.5 





3. Heavy penetration of the metal into 
loosened sand, 
4. Difficulty in shake-out. 


Looseness of the sand in the mold cavities directly 
under the layer of the wash may be considered as a 
direct result of burning. The wash, due to the lack of 
a sufficient support from underneath, was giving way 
under the pressure of the entering metal and this 
resulted in heavy penetration. Several attempts were 
made to establish the cause for burning, and, if pos- 
sible, to improve the resistance of the mixture against 
it. Tables 2 and 3 show the compositions, baking tem- 
peratures and times for all the mixtures of sand 
being used in this part of the investigation. All mix- 
tures based on the original composition recommended 
by the Steering Committee are marked “1!” with addi- 
tional letters for variations in composition. 


Mold Spray 
The molds were sprayed, while still hot, with the 
recommended wash. In some cases the wash was ap- 
plied by means of a brush. In all these cases, penetra- 
tion of the metal was markedly decreased. 
The following abbreviations were adopted 
Table 3: 
Wash 
Sprayed with gun (approximate 


for 


Abbreviation 


Mold Temperature 
Metal poured into cold mold 


(room temperature) R 
Metal poured into hot mold H 
Mold Condition After Pouring 
Mold without cracks oO 
Small cracks present SC 
Large cracks present LC 
Cope destroyed cD 
Drag destroyed DD 
Whole mold destroyed MD 
Mold Filling Ratio 
Sprues or gates full F 
Sprues or gates half full HF 
Sprues or gates empty E 
Burning cf Sand 
Numbers correspond to depth of 
burning in inches 
Penetration 
Very heavy (whole surface covered) VH 
Heavy (34-14 of the surface covered) H 
Medium heavy 
(1% to of the surface covered) MH 
Medium (14-14 of the surface covered) M 
Medium small 
(4-\% of the surface covered) MS 
Small (14-14 of the surface covered) S 
Very small outside rims and 
unregular spots VS 
oO 


No penetration 
Metal Penetration 


Figure 28 shows the penetration of the metal for 























thickness 144 in. — 149 in.) GS J ‘ . . uae , 
Applied with brush (approximate casting No. 18. Mixture of sand, lJ.” Wash sprayed 
thickness 149 in. and move) BP with gun (approximate thickness 145 in.). 
TABLE 3 

Sand Mixture No. | 1 1A} 1B] 1C]1D) 1E }1F/1G/iH] iy [1K] 2 3 

Casting No. | 7|8 | 29 9 | 10] a 12| 15 | 19| 20| 21 | 22| 23 | 24] 25 | 26| 27 | 28| 14| 13| 16| 17] 18] 6 }4[s{r]2]3 
Wash | 

Cope GS| BP| GS| GS| GS| GS] GS} GS| BP| BP| BP| BP| BP| BP} BP] BP| BP| GS| GS| GS| GS} GS} GS| GS| BP| BP} BP} BP| BP 

Drag GS| BP| BP| GS} GS| GS| GS] GS| BP| BP} BP| BP] BP| BP] BP] BP| GS| BP} GS| GS| GS| GS} GS| GS No BP| BP| BP] BP 

| was. 

Baking | 

Under lamps 2 2; — 2 2 2 2} 16 2 1 2 2 2| - - - ~ 2 2 2 2 3} 3% 4 4) 16 . 

Oven temp., C 205| 205| 205] 205| 205| 205] 205] 205| 205| 205} 235] 235| 235| 235] 175| 175| 175] 175] 205] 205| 205] 205| 205| 205] 220} 220) 205) 205) 205 

Baking time, hr 4\4| 414 6| 6 6 6 4 S| 6 68 64 5S} Of 8} 4) S| 6 a 8 @ 4) 64%) 4] 4] 6] 66] «C6 
Casting 

Metal temp., C 670| 680] 680] 680] 680] 680] 680} 680| 680] 680} 680) 690] 665] 680} 660) 680| 690] 68C| 680| 670] 680) 675| 680] 684] 692) 680] 680| 680) 680 

Running speed, rpm | 406] 410] 405] 407] 420| 390] 387| 408| 400| 406] 400| 394] 408] 380] 400| 418] 400| 400| 376] 405| 401| 414] 404] 411] 407) 400] 400| 426) 400 
— temperature R|R|H/;{|R/{R{ RI RI RR; RI RI RI RI RI RI Ri RI RI R{| RI HH] R}| RI RI R R}R/;|R!:!R/R 
Filling Ratio 

Sprue F | E| HF| E | HF] E| HF] F | HF) E|] E| E| E| E| E | HF| HF| HF| HF] E|HF| HF) F| E| FF} F | E| E| HF 

Gates F|E]F/HF| F|F]F|F|F/|FI]E|HF/ E|E|F|F|F/]FI|F|F/FIFIF/F{ EHF E| F] F 
Burning 

Cope, in. 4%) %) %) MH OM Oe OM OMe! Mel Mel Mel Me Yel Vol Vel Me] Ml 1s) Ml Ml OM 1) 4% Mo 61) OM 

Drag, in. 4) Mi Ml) KM KM 3a) Me] Mel Yel Mel Me] % Yoel “We| “el “} % «O1] M1 1) %| &%) Ml OM OM O&M 
Penetration so 

Cope M}|VS| M|MH/MH|MH| M| S | VSs| vs] 0 vs| 0 |Vvs| 0 |MH| VH| H | M|MS|MH/ VS| MS/VvS| S| S 

Drag MH| VS} 0 | M|MH/ M| M|MS/ VS| VS] 0 vS|VvS|VvS| 0 |MH| H |MH| M/] M| M| VH| S/|VS| S| VS 
Remarks 

Mold Condition sc|}sc} 0 |sc|sc}|sc/sc|sc} 0 |sc|LC|MD MDIMD 0 |sc| o o |sc|sc}] 0 | 0 |sc}| sc|sc|sc| sc} sc 

Overbaked 





































































































Fig. 28 


The examination of the results obtained (Table 3) 
suggests that the presence of oil may be considered as 
the main reason for burning. The looseness of the 
sand in burnt areas cannot be sufficiently explained 
without a special investigation. In this connection 
the following observations may be of some interest: 

1. The depth of burnt sand is almost uniform for a 
particular mixture of sand and is not related to the 
temperature and time of baking. 

2. The looseness of burnt sand is not uniform over 
the cavity of the mold and does not correspond to the 
depth of burning. It is different in various places ol 
the mold cavity and furthermore is different for the 
same mixture of sand. 

3. The looseness of burnt sand seems to be de- 
pendent on the filling ratio of the mold with the 
metal. Castings with gates and sprue filled with metal 
were producing cavities with more marked looseness 
of burnt sand than the castings made with sprue and 
gates partially filled, or free from the metal. 

4. The looseness of the sand was less marked in ali 
cases when the molds were baked in the oven with air 
circulation. 

5. Burnt and loose particles of sand were covered 
with a black, dry substance, having the appearance 
and characteristics of carbon. 

In conclusion, it seems logical to assume that the 
burning of the sand is caused by the presence of oil 
and that looseness of the sand in burnt areas is caused 
by sediment of small particles of unburnt or partially 
burnt carbon between the grains of sand with result- 
ing bursting action. These conclusions check with 
results obtained by D. M. Batchelor* on steel castings. 
The weakened layer of the sand calls for a very 
thick wash, strong enough to withstand the pressure 
of metal. A thick layer of wash, sufficiently strong, 
applied by brushing (Table 3), prevented almost en- 
tirely the penetration of the metal. Unfortunately, 
due to the influence of the wash on the sand permea- 
bility and non-uniformity of coating, the application 
of washes by means of a brush is not practical. 
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Other Baked Sand Mixtures 


Several other core type sand mixtures were sug 
gested by various members of the A.F.S. Committe: 
and some of them were tried in molding and casting 
Table 4 shows the composition of these mixtures. 











TABLE 4 
Sand Mixture No. *4 #5 6 7 
Basic Sand, % 
New Jersey Washed 

Silica Sand (AFS 72) 100 80 — ae 
Albany Bank Sand, 

Grade 1 (AFS 155) 20 5 20 
Molding Sand (AFS 51) — — 15 na 
Sharp Silica Sand (AFS50) — — — 80 

Additions, % 
Silica flour 15.0 
Corn flour 1.0 
Cereal flour — 0.8 6.0 
Cereal binder _ 1.6 qt 
Western bentonite 0.75 
Southern bentonite — 
Dextrine _— 1.8 
Linoil 1.88 0.25 qt 14 qt 
Imperial Oil Frontenac 0.4 qt 
Formaldehyde-urea binder -- **0.2 qt 
Kerosene —_ 0.2 qt 0.4 qt 
Water 4.5 2.0 qt 3.0 qt 


*Sand mixture No. 4 recommended by Mr. H. Ramsey, 
W. G. Smith Co., Cleveland, Ohio. 
Sand Mixture No. 5 was recommended by Mr. J. Per- 
kins, Ford Motor Co. of Canada Ltd., Windsor, On- 
tario. 

**Formaldehyde urea instead of oil. 





All mixtures of sand shown in Table 4 were investi- 
gated as to their mechanical properties in four differ- 
ent conditions of baking. Samples from every batch 
of sand used for molding were tested and, although 
conditions of ramming in the foundry were different 
from those obtainable in the ramming machine in the 
sand laboratory, the density of green molded sand was 
kept as close as possible to the density of samples pre- 
pared and baked in the sand laboratory. Table 5 
shows the mechanical properties for sand mixtures No. 
t to 7, 


Mold Washes 


Previous results, obtained with the wash recom- 
mended by the Steering Committee, revealed the neces- 
sity for a new wash, capable of resisting penetration 
to a higher degree with a suitable coating thickness 
obtainable by gun spraying technique. Mica wash was 
tried and showed good resistance against metal pene- 
tration. This wash, consisting of minute flakes, has 
good coating characteristics, but unfortunately affects 
unfavorably the permeability of the sand. A mixture, 
consisting of 50 per cent of the previously used wash 
and 50 per cent of mica wash, was used and proved to 
be very promising. The influence of these washes on 
the permeability of the various sand mixtures was in- 
vestigated and the results are given in Table 6. 

Mixtures No. 4 and 7 were tried in actual casting. 


*D. M. Bachelor, “Why Metal Penetrates Cores and Molds,” 
Foundry, vol. 75 (1947), no. 6, pp. 80-81, 235, 236, 238. 
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Tasie 5 
Green Properties Baked Sample Baked Mold 
Sand Compres- Compres- Gas 
Cast- Mix- Per- sive Baking Tensile Hardness sive Hot Con- Per- Gas Remarks 
ing ture mea- Strength, Temp., Time, Strength, Bot- Strength, Strength, tent, mea- Hardness Content, 
No. No. bility psi Cc hr. psi Top tom psi psi cm*/g bility Cope Drag cm*/g 
4 138 6.7 150 $ 2.25 75 73 170.0 _ 63.2 154 
5 95 1.5 150 8 11.6 54 65 460.0 11.4 15.0 103 
6 76.3 2.1 150 3 1.7 67 60 92.0 — — — 
66 7 180 2.7 150 3 5.2 70 68 618.0 85.7 36.0 189 55 55 18.8 
3 4 73 23 25 2 109 50 60 7536 68.0 16.0 77 58 60 215 Average of three 
$i 4 61 23 205 #4 # «134.4 55 65 819.8 25.0 17.5 7% 8665 70 22.0 samples. 
sm 4 61 24 me 2 759 55 60 449.0 40.0 10.5 7338 6 50 200 
3304 61 25 230 4 45.9 45 60 3980 49.7 10.5 735 5 @ 210 
34 4 67 2.0 182 4 86.5 65 70 536.0 47.0 15.0 82 35 50 20.0 
35 4 61 2.2 182 6 122.5 50 60 596.6 45.0 17.0 67 45 55 23.5 
36 4 75 17 2 8 33.5 $3 35 194.7 343 7.0 so $5 25.0 
Table 7 shows the baking conditions and results ob- TABLE 6 
tained in relation to burning of sand and metal pene- Sand Permeability Baking 


tration. Mixture No. 4 is generally less inclined to 
burning than all the mixtures previously investigated. 
However, penetration of the metal into the loosened 
sand prevailed throughout all castings. Wash, sprayed 
with a gun, did not prevent metal penetration, and in 
most cases the wash was destroyed by action of the 
metal. Nearly all of the molds showed several cracks. 
Changes in temperature and time of baking had no 
influence on the burning of the sand. Mixture No. 7 
showed a low hot strength in the presence of formalde- 
hyde urea and is not suitable for application in cen- 
trifugal casting where a high hot strength during the 
solidification of the metal is essential. 





Mixture Without Wash Wash Wash Temp., Time, Remarks 


No. Wash “A” “B” “C” Cc hr 

4 144 98 89.3 91.7 150 3 Average of 3 
samples. 

5 103 68 704 806 150 3 Average of 3 
samples. 

6 _ _-_ — ao 150 3 Samplescracked 
on the edges. 

7 203 156 73.0 154.0 1500 3 Average of 6 
samples. 

Abbreviations: 


Wash A—Wash recommended by Steering Committee. 
Wash B—Mica wash. 
Wash C—50% of Wash A + 50% of Wash B. 











TABLE 7* 
Sand Mixture No. 4 7 Remarks 
Casting No. 30 31 32 33 36 34 35 66 67 

Wash 

Cope GS GS GS GS GS GS GS GS GS Wash “A” used for castings 

Drag GS GS GS GS GS GS GS GS GS No. 30-36. 
Baking 

Under lamps, hr — — _— — — — —_ — _ Wash “C” used for castings 

Oven temp., C 205 205 205 205 205 205 205 150 150 No. 66-67. 

Baking time, hr 2 4 2 4 6 4 6 ly 2 
Casting 

Metal temp., C 680 680 680 680 674 680 680 680 680 Molds for castings No. 66-67 baked 

Running speed, rpm 605 612 604 600 605 590 580 590 571 at oven temp initially set at 260 C, 

Mold temp. H H H H H C Cc H H thermocouple inserted into the 
Filling Ratio molds. After reaching 150 C, oven 

— temp reset for 150 C and molds 

Sprue E E E E E E E E E — « : 

> ne F FE rE E E E F E r _ kept at this temp 1144 and 2 
Burning 

Cope, in. %*% %* %* %* & *& K FH: ! 

Drag, in. % %* * * &* & & K ¥& 
Penetration Bea. 

a 7 ob 

Cope s s s §-5 M S VH VH 

Drag — VS vs S$ £30 M VS VH VH 
Mold Condition MD sc sc sC $2§ sC SC DD MD 

= LC 


* Abbreviations as For Table 3. 
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Mixtures No. 5 and 6 were not tried in actual test- 
ing, because of the low green compressive strength of 
mixture No. 5 and the generally low mechanical char- 
acteristics of mixture No. 6. 


Dry Sand Mixtures 


All core type sand mixtures with oil proved to be 
unsatisfactory in application to centrifugal casting of 
aluminum alloys in the spinning range of 400 to 700 
rpm due to the pronounced tendency for burning, 
looseness of sand in burnt areas, and penetration of 
the metal into sand. In conclusion, it was decided to 
start a special investigation to establish a dry type 
sand mixture based on the New Jersey washed silica 
sand AFS 72. This condition was a priori established 
due to the large amount of this sand acquired at the 
recommendation of the Steering Committee for the 
centrifugal casting project. 

Four dry type sand mixtures were chosen for the 
investigation. Table 8 shows the composition of these 
mixtures. 

In order to establish proper baking conditions for 
these sand mixtures (Table 8), 24 standard com- 
pressive strength test samples were prepared from each 
mixture and batches of three samples were baked 
under the same conditions. Temperatures of baking, 
150 and 205 C; time of baking 1, 2, 3 and 4 hr. The 
mean values of hot compressive strength and perme- 
ability, taken from three samples, are shown in Table 
9. 

The first three mixtures, No. 8, 9 and 10, show very 
similar strength and permeability characteristics. Opti- 
mum mechanical values are obtainable with a baking 
temperature of 150 C and a baking time of 2 to 3 hr. 
Mixture No. 9 indicates better compressive strength, 
and mixture No. 10 the highest permeability. Mixture 
No. 11 was considered too weak and was disregarded 
in further investigations. 

Mixtures No. 8, 9 and 10 were checked for their 
effect on the mechanical properties of the castings. 
An Al-4.5% Cu alloy was cast into Dow test bar 
molds. The molds were prepared from the three sand 
mixtures in the same manner and baked 3 hr at 150 C. 
No mold wash was used. Care was taken to pour 
metal at the same temperature and under similar 
pouring conditions. Test bars were tested for ultimate 
tensile strength and elongation in the as-cast condi- 
tion. Blind risers of the test bar castings were exam- 
ined radiographically for porosity. Table 10 shows 
the results obtained. 

The effect of the wash coating on the permeability 
of the sand mixtures is shown in Table 11. Standard 
compressive strength samples were prepared from each 
mixture, baked for 3 hr at 150 C, covered with wash 
immediately after being taken from the oven, and 
tested for permeability while still hot. 

A special gauge in the form of a very thin ring, 
machined to a height of 44, in., was employed in 
checking the thickness of the wash coating and to 
maintain it at a desired thickness during spraying. 
A set of three rings, placed on the surface of the 
sample, was sufficient to obtain a uniform coating on 
the whole surface. The spray gun was kept at a con- 
stant height above the sample to maintain the same 





CENTRIFUGAL CASTING ALUMINUM. ALLOoys 


TABLE 8 





Sand Mixture No. 8* 


9 


10 Il Remarks 





Basic Sand, % 


New Jersey washed 
Silica Sand (AFS 72) 100 
Bank Sand, McConnes- 
ville (AFS 170) hen 
Bank Sand, Albany 
Grade 1 (AFS 155) ~ 
Additions, % 


Western bentonite 4 

Southern bentonite 

Silica flour 15 

Portland cement — 

Water a 
*Sand mixture No. 8 was 


10 


50 100 
— — Clay 
50 — Clay 
-— 119 
10 5.6 


content, 7.7°% 


content, 1.6% 


proposed by Mr. N. Janco, 


Centrifugal Casting Machine Co., Tulsa, Okla. 








TABLE 9 
Baking Temperature, Baking Temperature, 
Sand 150 C 205 C 





Mix Sand 


Baking time, hr. 


Baking time, hr. 

















No. Properties 1 2 3 4 1 2 3 1 
8 Compressive 
strength, 
psi 239 288 254 272 226 224 230 212 
Permeability 40 38 40 40 $8 31 242 40 
9 Compressive 
strength, 
psi 350 290 410 400 300 297 316 285 
Permeability 21 184 184 14.3 36 31.8 178 23.4 
10 Compressive 
strength, . 
psi 239 251 247 236 196 191 200 174 
Permeability 63 70 63 72 58 70 49 65 
11 Compressive 
strength, 
psi 79 108 88 21 
Permeability — 67 70 73 
TasBLe 10 
Radiographic 
Examination Remarks 
Cast- Ultimate Elonga- ——— 
Mix- ing Tensile tion Riser Riser 
ture Temp., Strength, in 2 in., No.1 No.2 
No. Cc psi percent Porosity 
8 680 18,400 2.5 Slight Slight Mean values 


from 4 bars 

















9 680 18,650 2.3 Severe Severe Mean values 
from 4 bars 
10 680 19,050 2.7 Slight Severe Mean values 
from 4 bars 
TABLE 
Sand 
Mix. Permeability 
No. No Wash Wash “A” Wash “B” Wash “C” Remarks 
.- 2 25.9 84 194 Mean values from 
six samples. 
9 34.1 11.8 7.0 10.3 Mean values from 
six samples. 
10 72 35.5 20.8 40.8 Mean values from 


three samples. 
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TABLE 12 
Green Properties Baking Baked Sample Baked Mold 
Sand Com- Com- Gas Gas 

Cast- Mix- pressive Tensile Hardness pressive Hot Con- Per- Con- 

ing ture Permea- Strength, Temp, Time, Strength, Bot- Strength, Strength, tent, mea- Hardness tent, 

No. No. bility psi Cc hr psi Top tom psi psi cm*/g bility Cope Drag cm*/g 

37 8 58.0 6.95 Room 24 — 38 30 69 — — 73 — _— 

38 vi 69.0 5.8 Room 72 — 25 30 64 — — 88 _— — 

43 . 36.0 5.2 150 3 34.5 60 65 148 440 3.0 67 65 70 

44 ‘ 38.0 7.3 150 3 23.7 45 30 97 360 3.5 85 70 65 

45 21 75.0 5.5 150 3 40.5 43 30 183 380 3.0 80 70 70 

39 9 44.0 1.8 150 3 17.5 35 30 180 257 9.0 43 55 55 8.0 

40 ; 25.8 7.0 150 3 31.8 40 40 239 55 6.0 40 65 65 4.5 

51 42.0 7.7 150 s $2.0 65 60 160 410 7.5 22 60 60 

52 f 36.6 7.2 150 3 42.0 70 70 218 645 — 1 65 65 

41 10 28.0 7.4 150 3 — on — ~— a on dn 

42 zx 38.0 7.5 150 3 33.5 55 55 243 385 8.0 40 70 70 

47 39.3 8.1 150 3 23.8 60 60 143 380 8.3 41 60 55 

48 18.5 10.1 150 3 55.5 60 55 331 757 10.7 29 60 60 

49 7 29.3 7.6 150 3 47.0 53 49 284 501 9.0 7 60 50 Baked sample 

permeability with 
wash cover (C) 

50 . — — 150 3 32.0 65 60 160 410 715 2 60 65 





conditions of spraying for every sample. 
ment was applied later to the foundry practice in order 
to obtain intended and uniform thickness of the wash 
coating on the baked molds. Usually 12 rings, placed 
over the entire surface of a mold, were sufficient to 


This arrange- 


maintain even and proper thickness of wash. 


centrifugal casting conditions. 


Except for a rather low permeability (mixtures No. 
8 and 9), all three mixtures showed promising char- 
acteristics in the preliminary stage of the investigation. 
Therefore, a further study was undertaken to check 
their resistance to penetration of the metal in actual 





















































































































































TABLE 13 
Sand Mixture No. 8 | 9 10 
Casting No. 43 | 44 | 45a | 46 | 53 | 39 | 40 | s2 | 57 | 41 | 42 | 47 | 48 | So | 65 
| | Wash A B Cc B | Cc lc | | A |Para-] C | Cl] ¢ 
g | | | spray 
|.9 No. 3 
- - ——————E a —— = . EE = ————EE—EE EE _ = 
2 | | Applied None | None} GS GS GS | None} GS | GS | GS | None | GS | GS | GS | GS GS 
gi page peeaaeemeneae 1 mane ———— a Vor. aaa me eee RE Seen; ee ten 
5 | Wash A B ¢ B | a | A | Para C Cc ( 
be | spray 
E| | | | | No. 3 
j= —————$__—___—_ _ — $$} — |} —_] —_] — oe —| — -| ae Wo — — —|— — — 
| | Applied None | None| GS | GS | GS |None| GS | GS | GS |None| GS |GS | GS | GS | Gs 
_—_— ——— —— —___—— —. |__| ——_— — | ———$—— ff SS —_———_| ee | a — 
co| Oven temp. set at 260Chr.| 2 | 2 | 2 | 2 | 3% 2% | 3% | $4) 24 | 3 | 3% | 2%] 3 | 4 
“é | Oven temp. 150C | | 
= | “Mold temp. 150C 2}, 2]/2],2)2 |e) 2) 2) 2}2}2}2fa3)2] - 
- Metal temp. °C N.R 680 680 670 680 680 680 680 | 680 675 688 | 670 680 680 680 
F Running speed rpm Stat. | 607 | 600 | 524| 600 | 450 | 462 | 637 | Stat. | 592 | $21| 639] 592| 605 | 593 
8 a a a eS Sa ee aS a a ee (Se a eee 
~ | Mold temperature H | H H H | H H Bi 8 c | H H | H H H H} 
bo} Sprue F F E | F E | HF | F | HF] F | HF | HF | HF | HF! E | 1 
= z as _ = ee ee ee ee Se ES a a an ee a ee 
=| Gates F E E HF F F F F F F ee Be F F | I 
ESS Sone eee EE |—_—_—$< _ | ——<—_$ | jj | | ———|———|——— 
eke Cope None | None | None | None | None | None | None | None | None | None | None | 34 | None | None | None 
a: —— —}——} | ||| _—_| | ___|___— 
= Drag | None | None | None | None | None | None | None | None | None | None | None | 34 | None | None | None 
4 &| Cope | o VH | VS | MS 0 VH | VS 0 0 VH | VS | VH 0 0 0 
SL... a ST es assailed Ce SE. Ca SE ee Se 
& &| Drag | 0 | MH] §S S o | mM |Ms| oO 0 | ™M /vs | vH] oO 0 | 0 
a ee Lamesa EE Sea Brae Be Ty See eee 
Mold condition 0 SC 0 0 0 0 0 0 0 0 0 MD 0 0 0 
Surface Appearance: | 
(See Figure No.) - 30 









































Preparation of Molds 





According to the recommendations given by the 
Steering Committee, the molds were to be covered 
with wash while still hot and then assembled for pour- 
ing. In baking the molds separately and assembling 
them later, great difficulty was encountered in the 
assembling operation due to a warping tendency of 
the flasks. In consequence the surfaces of cope and 
drag were not sufficiently tight and the metal, under 
high pressure, was escaping, in some cases, through 
the joint. 

It was decided, therefore, to assemble the molds 
before baking with the wash sprayed on green or 
slightly dried surfaces of the molds. Lamps were used 
for drying. To avoid the possibility of insufficient 
heating due to the thickness of the assembled molds, 
a special test was carried out to establish the time 
required for baking with oven temperature set at 150 
C. A thermocouple inserted into the drag, recorded 
the mold temperature. Figure 29 shows the tempera- 
ture-time relationship for the mold at an oven tem- 
perature of 150 C. 


TemparaTuaS “TEMPERATURE - Time RELATION 
For MOULD INTERIOR 
Oven Tame Ser Ar 150°C 
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Fig. 29 


In order to decrease the baking time, the oven 
temperature was maintained at 260 C and the molds, 
sprayed and assembled before baking, were kept at 
that temperature until the thermocouple, inserted 
inside the mold, indicated a temperature of 150 C. 
The temperature of the oven was then set at 150 C 
and the molds were kept for the required time at that 
temperature. The average time required for the in- 
side of the mold to reach the temperature of 150 C 
with the oven temperature set at 260 C, did not exceed 
3 hr. The time was in close relation with the moisture 
content of the mixture and the thickness of the mold. 

Samples of sand for mechanical testing were taken 
from most of the sand batches prepared for molding. 
In this way an accurate control of the uniformity of 
the sand mixtures was maintained throughout the in- 
vestigation. A sample test record is shown in Table 
12. ‘Table 13 shows the results obtained in casting in 
sand mixtures No. 8, 9 and 10, with A, B or C washes 
used for spraying. 
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Metal penetration into the sand was heavy for all 
mixtures used without a wash. This could be ex- 
pected, due to the magnitude of the internal pressure 
(approximately 48 psi for 600 rpm, diameter 19.5 in.) . 
According to Northcott and Lee! penetration will 
take place even into quite fine sands when the inter- 
nal pressure exceeds 5 psi. Application of a mold wasi 
is therefore very essential. Wash C has been found 
the most satisfactory, having good coating ability and 
not affecting the permeability of sand to such a dk 
gree as wash B. The effect of washes A, B and C as 
applied to different sand mixtures is shown in Fig. 30 
to 32 for sand mixture No. 8, Fig. 33 to 35 for sand 
mixture No. 9, Fig. 36 to 38 for sand mixture No. 10. 
Paraspray No. 3, used as a wash in casting No. 47, was 
burnt and completely destroyed by the contact with 
molten metal. In addition, it seems to influence very 
detrimentally the strength of the sand. The mold was 
badly cracked, drag destroyed entirely. 








Fig. 31—Casting 46. Wash B, sprayed, Y%,4-in. thick. 
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Fig. 32—Casting No. 53. Wash C, gun sprayed, Y%4-in 
thick. 





Fig. 33—Casting No. 39. No wash used. 


Further Investigation of Dry Sand Mixtures 


Mixtures No. 8, 9 and 10, although they have good 
strength characteristics, nevertheless require special 
provision for venting, due to their low permeability. 
Several molds not being properly vented were de- 
stroyed in casting, giving evidence of a high magni- 
tude of gas pressures inside the mold cavity. Excessive 
gating is not advisable and only a very fine wire 
should be used, for otherwise loss of metal and drop 
of internal pressure may be expected. Application of 
washes reduces permeability of sand and as a sufficient 
thickness (145 in.) of wash layer has to be main- 


73 
tained from the point of view of metal penetration, 
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the original permeability of the sand mixture has to 
be higher than that obtainable in sand mixtures No. 
8 to 10. Mixture No. 10, having highest permeability 
(Table 11), fairly good strength characteristics (Table 
9), and the least effect on the quality of castings (Table 
10), was chosen for further investigation to improve 
its permeability. 

This has been obtained in mixture No. 13 by intro- 
duction of Albany Bank Sand, Grade 3 (AFS 70), 
instead of Grade 1, into the original composition of 
mixture No. 10. Application of the coarser sand un- 
doubtedly decreases the resistance of the sand mixture 
against metal penetration. Nevertheless, it was de- 
cided to try the mixture in actual casting, as it was 
expected that by proper ramming, sufficient wash coat- 
ing, and the increased venting capacity of the mold, its 





Fig. 34—Casting No. 40. Wash B, gun sprayed, \%,4-1n. 
thick. 





Fig. 35—Casting No. 52. Wash C, gun sprayed, Y,4-in. 
thick. 





CENTRIFUGAL CASTING ALUMINUM ALLoy: 


Fig. 36—Casting No..41. No wash used. Fig. 37—Casting No. 42. Wash A, gun sprayed, Y%4-in. 
thick. 


general characteristics with regard to metal penetra- bentonite (mixture No. 12). Table 14 shows the 
tion will be acceptable. Some detrimental influence of compositions of sand mixtures investigated at this 
coarser sand on the compressive strength of the mix- stage. 

ture was balanced by addition of 2 per cent of western The best values for permeability and compressive 


TABLE 14 





Basic Sand Additions Baking Baked Sand Properties 





Sand New Jersey Albany 
Mixture Washed Silica Sand Grade3 Western Southern Oven Compressive 
No. Sand (AFS 72) (AFS 89) _ bentonite, %, bentonite, % Moisture,% Temperature,C Time,hr Strength, psi Permeability 
12 50 : 6 — 8 150 3 360 105 
13 50 4 — 8 156 3 154 136 
14 50 . — 6 8 150 3 160 119 








TABLE 15 








| 


Moisture Content, 3.9% Moisture Content, 7.9% 





g/cm* 
psi 


Sand 
Mixture No. 
Rammed 
Tested,* min 
Compressive 
Strength, psi 
Permeability 
density, g/cm* 
Tested 

after 
ramming, 
Compressive 
Strength, psi 
Permeability 
density, 
lested,* min 
Strength, 








| 
| 








1.63 


1.64 
‘1.64 
1.65 
10 20670 1.65 
are 146 mm 2 1.65 
* Time elapsed from the removal of sample from oven. 
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Fig. 38—Casting No. 50. Wash C, gun sprayed, \%,4-in. 
thick. 


strength, and their relation to green density and 
moisture content, were established for Mixture No. 12 
in laboratory experiments. Samples of this sand mix- 
ture, containing 4, 6 and 8 per cent moisture, were 
rammed to different green densities, baked 3 hr at 150 
C, and tested. Table 15 shows the procedure adopted 
and results obtained. Moisture content of 8 per cent 
and green density of 1.7 g/cm* were adopted for prac- 
tical foundry application. A special cup was designed 
and used for testing the green density obtainable in 
mechanical molding used in the foundry. Every batch 
of sand was checked for moisture content before mold- 
ing. 

Examination of the results shown in Table 15 re- 
vealed that a higher green moisture content not only 
increases baked strength but also decreases, or even 
stops, the fall of acquired strength with a drop of tem- 
perature. This has been proved in casting, when cold 
molds were used and no cracks were observed even 
with spinning speeds exceeding 800 rpm. 

The relative stability of strength acquired in baking 
permits of casting into cold molds and characterizes 
the mixture very favorably from the economical point 
of view. On the other hand, high strength affects un- 
favorably the freedom of contraction of the metal in 
cooling after the solidification stage is completed and 
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may result in hot tears and cracking of the casting. 
The shaking-out of the castings is also difficult, requir- 
ing the use of a hammer to break up the sand. 

Further investigational work should be carried out 
to find additions to the sand mixture which would de- 
crease the hot strength in the final stage of the casting 
operation (during the solidification) without affecting 
the initial hot strength required during the filling of 
the mold cavity. 

Penetration of the metal, heavy if using uncoated 
sand, is completely prevented by the application of 
mold wash. Wash C, sprayed to a thickness of 4%» in., 
is sufficient to prevent metal penetration. Some diffi- 
culty is encountered in spraying deep vertical cavities 
in the mold. 

Mixture No. 12 is adaptable for molding after re- 
generation, requiring only new addition of water and 
bentonite to the used sand. Tests made with a mixture 
of sand consisting of 25 per cent and 40 per cent of 
old sand—new mixture being the remainder—have 
shown very good compressive strengths and fair per- 
meability. Decrease in permeability is being caused 
by increased fineness of the sand through ramming. 
Table 16 shows the results of the performed test. 


TABLE 16 





Old Used New Compres- 
Sand, Sand, Moisture sive Permea- Baking 
% % % Strength,* bility* Temper- Time, 
psi ature,C hr. 


25 75 8 383 115 150 8 
40 60 8 312 89 150 3 


* Results given are averages from three samples. 








Conclusion of Part II 
Mixture No. 12, the composition of which is: 


50% New Jersey Washed Silica Sand AFS 72, 
50% Albany Bank Sand, Grade 3, AFS 839, 
6% Western Bentonite, 

8% Moisture, 


rammed to a green density of 1.7 g/cm’, baked 3 hr at 
150 C, may be considered temporarily established for 
the present investigation on the centrifugal casting of 
aluminum alloys into sand molds. A further study on 
the possibility of lowering the hot strength of the 
mixture through a retarded action of some additional 
ingredient is advisable. 





PART III. Preliminary Investigation on Sprues and Gating. 


Background 


Most of the work described in Part III was carried 
out as a part of the investigation on sand mixtures, 
not only to save time and materials but, also, to elimi- 
nate possible factors affecting the evaluation of the 
sand mixtures. Since the shape and the dimensions of 
the test castings were established a priori by the Steer- 
ing Committee (see Appendix of Part I), the aims of 
this phase of the project were: 


A. To investigate the sprue and gating designs pro- 
posed by the Steering Committee; 

B. To obtain some general information on the effect 
of the geometry of sprue and the gating design 
on the flow of the molten metal in the mold 
cavity; 

C. To provide preliminary information on the ef- 
fect of various factors connected with the cen- 
trifuging technique on the soundness and qual- 
ity of the castings. 
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Foundry Practice 


The foundry equipment and some experimental 
patterns, used in the first stages of the investigation 
are described in Part I. The sand mixtures, mold 
washes, and mold temperatures used are given in Part 
II. 

The baked sand molds were centered on the revolv- 
ing table of the centrifugal casting machine in four 
radial slits with steel pins located on the periphery of 
the bottom flask. The sprue support (Fig. 9) was then 
mounted on the cope and fastened together with the 
mold assembly to the table of the machine. The cover 
of the protective shell was mounted and the silicon 
carbide pouring bowl placed and centered (Fig. 12). 
A cross-sectional view of the whole mold assembly, 
ready to pour, is shown in Fig. 11. The pouring bowl 
and the graphite stopper were preheated before use. 

The metal was melted in a silicon carbide crucible 
and care was taken not to exceed the casting tempera- 
ture. No flux was used. Scrap from former castings 
was used only in experiments carried out to compare 
sand mixtures. Pouring temperatures were kept closely 
to 680 C (1256 F). 

In order to maintain a uniform and rapid pouring 
rate, in all experiments bottom pouring was used and 
the proper amount of metal in the pouring bowl was 
controlled using a special marker (shown in Fig. 10). 
Metal temperatures in the pouring bowl were meas- 
ured using a chrome-alumel thermocouple and a po- 
tentiometer. When proper temperature of the metal 
and spinning speed of the machine were reached the 
graphite stopper was removed from the pouring bowl 
and the metal was poured into the mold cavity. Spin- 
ning of the mold at full speed was maintained, in all 
experiments, for 3 min after filling of the mold. Shak- 
ing out the molds was carried out 10 to 15 min after 
pouring. 


Gating 


All patterns shown in Fig. 17 to 26 were used with 
sprue supports shown in Fig. 9, and were adjusted, 
later, for application with modified sprues shown in 
Fig. 43 to 45. 

The radial arrangement of the gates (as shown in 
Fig. 17 to 26) , and the ynfavorable ratio of their cross- 
sectional dimensions in relation to the cross-sectional 
area of the test panels, caused a jet-like influx of the 
metal and very turbulent flow of the liquid stream 
inside the mold cavity. This flow disturbance and the 
very large ratio of outside and inside wall radii of the 
test castings 9.75 —— 2.57 | affected adversely the 

3.75 in. 
conditions of progressive and directional inward solidi- 
fication of the metal, causing unsoundness and poros- 
ity in the castings. 

To investigate the effect of the geometrical arrange- 
ment of the mold cavity on the conditions of metal 
flow, three additional patterns were made, as shown 
in Fig. 39 to 41. The radial arrangement of the gates 
was left unchanged, for these experiments, so that 
the influx of the metal into the mold cavities remained 
jet-like. The ratio of the outside and inside wall radii 
of the test casting was reduced, due to the vertical ar- 
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Fig. 39 


rangement, to 1.15. This value is, according to Vaeth, 
the optimum ratio of outside and inside diameters of 
centrifugally cast cylindrical shapes. 

Figure 39 shows pattern No. 8 with test castings 
arranged vertically and ingates at the center of th« 
castings. Cross-section of the gates was | in. x % in.; 
length was 6.5 in. 

Ingates 

Figure 40 shows pattern No. 9 with ingates on the 
bottom side of the castings. Cross-section of the gates 
was | in. x &% in.; length was 6.5 in. 

Figure 41 shows pattern No. 10 with gates extended 
beyond the castings and wells at the bottom of the 
castings to facilitate metal flow and feeding. Cross- 
section of the gates was 0.75 in. x 0.75 in.; length was 
6.5 in. and 8.5 in. respectively. 





Fig. 40 
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Fig. 41 
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Fig. 42 





Sprue Design 


As mentioned in Part I of this report, in the first 
stages of the investigation two sprue support designs 
were used, of straight (cylindrical) and of upwards 
tapered shapes (Fig. 9). To investigate the effect of 
the sprue shape on the metal flow and air aspiration 
in the feeding passages of the mold, a third shape, 
down-tapered, was used in later experiments. 

Figure 42 illustrates the theoretical assumption of 
the effect of direction of sprue taper on the metal flow 
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turbulence and air aspiration. Although optimum 
sprue taper and dimensions were not yet established, 
the preliminary investigation proved the superiority 
of the down-tapered sprue (as shown on upper right 
sketch, Fig. 42). 
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TABLE 17 
Pouring Basin 
Nozzle Sprue Support Nozzle Sprue Nozzle Gates Ratio 
Top Bottom Bottom Total 
No. Diameter, Length, diameter, diameter, Length, Taper, area, Diameter, Length, Dimension, area** 8 
in. in. in. in. in. in./in. sq in. in. in. in. sqin. 2 
1 2 3 4 5 6 7 8 9 10 11 12 13 
1 1.69 2.8 2.11 1.69 5.35 0.079 2.24 1.69 2.7 %x 1 1.5 1.50 
2 1.54 2.8 1.96 1.54 5.35 0.079 1.87 1.54 2.7 %xil 1.5 1.25 
3 1.38 2.8 1.80 1.38 5.35 0.079 1.5 1.38 2.7 % x1 1.5 1.00 , 
4 1.195 2.8 1.61 1.195 5.35 0.079 1.12 1.195 2.7 % x 1 1.5 0.75 
5 0.976 2.8 1.40 0.976 5.35 0.079 0.75 0.976 2.7 % x I 1.5 0.50 
0 0.745 2.4 foes a aaa = 0.435* — — % x 1 1.5 0.29 | 
* Area of pouring basin nozzle “O,” used in first experiments. 
** Total area of all four gates. | 
( 
7 . . . . . . . ‘ 
For this preliminary investigation of the sprue di- TABLE 18 
mensions five exchangeable sprue support nozzles and , 
dimensionally corresponding pouring bowl nozzles — ——— , 
¥ 1 F 1 ta Fi 49 : 1 1 Fi 7m ning hydrostatic Times _ ential 
anc sprue nozzies (see 1g. 2) were C€ esignec ° igures Speed Diam pressure Gravity speed Remarks 1 
43, 44, and 45 show the various sprue support nozzles, (N),  (2r) (p) (n)(v), 
rpm in. psi fpm 


sprue nozzles, and pouring bowl nozzles. 

Table 17 lists the cross-sectional dimensions of the 
various nozzles used and the ratios of their areas to 
the total area of all four gates leading into the mold 
cavities. 


15y%, 122 347 1620 
400 p = 1.270 x 10°N?*r* psi 
19, 193 43.6 2040 


























To establish the effect of the height of the sprue on by, 275 78.2 2400 
the flow of metal into the mold cavity, the main cover 600 194 435 ora Pp = 2gtn = 0.523rN fpm ‘ 
of the centrifugal casting machine was redesigned to , rl 12 ‘ 
eliminate the sprue support (Fig. 46). 

Further rot 2a an ha Seo, of sprue design ee eee , 

cesig 800 n = 28 x 10°rN? V 
(dimensions, shape, taper, bottom, and relation to 19, 774 174.0 4080 n = centrifugal force P 
gate dimensions) will be included in the next stage gravitational force t 
of the investigation. ‘ 

Spinning Speeds ; 

Spinning speeds in the range of 400 to 900 rpm were were obtained on the growth of columnar and equi- ; 
used. In a few castings the metal was poured into sta- axial grains, it is considered too early to discuss this 
tionary, or slowly rotating (up to 125 rpm) molds, problem. 
and the spinning speeds were accelerated, after the Discussion of Results 
mold was filled, to the range of 600 to 900 rpm. 

Table 18 shows the internal hydrostatic pressure, Geometry of the Sprue—Using straight and radial 
“times gravity,” and circumferential speed for the gating, the turbulence of the metal stream caused by 
two radii of test castings used, at spinning speeds of its jet-like entrance into the mold cavity is so pre- 

400, 600, and 800 rpm. dominant that it overshadows the effect of changes in 
Rate : the geometry and dimensions of the sprue. Yet, it is 
Examination of Castings evident that the taper of the sprue and the filling ratio 

All castings were examined visually with special are important factors in the achievement of sound 
attention to surface appearance, shrinkages, depres- castings. 
sions, metal penetration, marks of mold wash or sand The up-tapered, parabolic sprue shape is justified 
erosion, etc., revealing the pattern of metal flow and theoretically, considering the combined action of cen- 
turbulence inside the mold cavities.. Radiographic trifugal and gravitational forces on the metal particles. 
examination of castings was carried out in all cases In practical application, however, this sprue shape 
where changes in the mold geometry, mold filling rate, led to additional flow disturbance, trapping of air, 
or spinning speeds were made. Some castings were and increased oxidation. The upper left sketch in Fig. F 
machined on the flat surfaces to avoid interference of 42 explains graphically these unfavorable flow condi- p 


surface defects in the radiographic evaluation. 

Mechanical tests, considered premature at this stage 
of the investigation, were performed only on a few 
castings for general information and to check the 
effect of some of the less pronounced defects on the 
properties of the castings. 

Metallographic examination was limited to some of 
the castings only. Although some interesting results 


tions which are caused by a division of the metal 
stream. The main part of the stream, in the center, is 
affected only by gravity and the metal flows directly 
downwards, strikes the sprue bottom, and splashes 
around causing rapid oxidation in the air entrapped 
inside the sprue cavity. Particles of the metal stream 
immediately adjacent to the sprue walls are affected 
by the centrifugal action of the rotating mold and flow 
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along the parabolic shape of the untapered sprue. Air 
trapped in between these divided metal streams causes 
turbulence and oxidation of exposed metal particles. 

The down-tapered sprue (as shown in upper right 
sketch, Fig. 42), although restricting to some extent 
the free flow of metal, proved to be more advanta- 
geous, providing a proper filling ratio is used to main- 
tain the sprue full during the mold filling operation. 
The metal stream cannot be divided, being forced 
down into a progressively narrowing sprue cavity. 
Splashing of the first metal particles entering the mold 
cavity and striking the sprue bottom has a detrimental 
effect on the quality of the casting. As soon as a metal 
pool is formed at the sprue bottom, splashing is re- 
duced and, after the gates are filled, should cease 
entirely. In the down-tapered sprue no air pockets at 
the bottom of the mold cavity are formed and the 
only sources of oxidation are the air aspired from sand 
of the sprue walls or the mold gases entrapped in the 
mold cavities. 

The degree of taper in a down-tapered sprue is 
limited, as experiments showed, by the depth of sink 
(parabolic depression) formed at the free metal sur- 
face, at the top of the sprue, due to centrifugal action. 
The depth of the*surface sink increases as the square 
of the spinning speed and the square of the sprue 
radius. Experiments showed that it was impossible to 
maintain a full sprue at 600 to 700 rpm spinning 
speeds if the sprue diameter exceeded 1.5 in. 

The effect of the shape of sprue bottom (flat, in- 
verted cup, or pool—as shown in Fig. | to 4), on the 
soundness of the test panels is not conclusive and has 
to be further investigated when the more pronounced 
causes of metal turbulence are eliminated. 

Figures 47 to 49 show the pattern of flow turbulence 
inside the mold cavity, shrinkage and porosities, in 
test panels cast using different sprue shapes. 





Fig. 47—Pattern No. 1. Straight sprue, flat bottom; 
pouring basin nozzle No. 0; spinning speed, 400 rpm; 
metal temperature, 680 C; Casting No. 3. 


Gating 


Experimental results show that horizontal gating, 
with radial and straight arrangement, as recommended 
by the Steering Committee, was entirely unsuccessful. 
Nevertheless, some information was gathered for fur- 








Fig. 48—Pattern No. 3. Straight sprue; inverted cup in 

sprue bottom; pouring basin nozzle No. 0; spinning 

speed, 401 rpm; metal temperature, 680 C; Casting 
No. 16. 





Fig. 49—Pattern No. 4. Straight sprue; pool in sprue 
bottom; pouring basin nozzle No. 0; spinning speed, 
404 rpm; metal temperature 680 C; Casting No. 18. 


ther investigations on proper gating of centrifuged 
castings. 
A. Cross-Sectional Dimensions—To obtain a forceful 
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influx of metal into the mold cavity, which is consid- 
ered an advantage in the centrifuging process, the 
cross-sectional dimensions of the gates are rather small 
in relation to the cross-sectional areas of the mold 
cavities. This excludes any consideration of the gates 
as feeding passages during the solidification of the 
castings, because the metal at the ingate freezes long 
before the solidification of the test panels is completed. 
This causes a rapid drop of hydrostatic pressure inside 
the mold cavity and lack of feeding, resulting in 
shrinks, surface depressions, porosity, etc. (see Fig. 47 
to 59). 

In connection with the above, it is of interest to note 
that the ratios of the “cooling factors’* in the test 
panels and the gates are very unfavorable. 


Cooling factor for gates = 0.136 
Cooling factor for test panels A and C = 0.333 
Cooling factor for test panels B and D = 0.315 


According to N. Janco, the cooling factor for feed- 
ing passages must be larger or at least equal to the 
cooling factor of the casting itself to feed the casting 
adequately during solidification. The values given 
above show that the cooling factor of the gating usec 
in this investigation is much too small. No attempt 
was made, in this part of the investigation, to increase 
the dimensions of the gates, because this would defeat 
one of the major reasons for using the centrifuging 
method that is the advantage of a high metal yield. It 
is suggested that, considering the gates only as_pass- 
ages for the metal, a special feeder be provided adja- 
cent to the casting (for one such attempt see Fig. 41 
and 64, where a well at the bottom of the test panels 
was provided) . 

Figures 50 and 51** show that an increased ratio of 
cross-sectional dimensions of the gates to the cross- 
sectional area of the castings reduces the flow turbu- 
lence but still is not sufficient to secure feeding until 
the casting is entirely solidified. Shrinkages in the 
gates and around the ingates, although less _pro- 
nounced than in Fig. 47 to 49, are still visible in both 
castings. 


B. Location of Ingates—The location of the ingates 
in relation to the mold cavities (using the established 
test panels) has very little, if any, effect on the gen- 
eral pattern of flow turbulence. Patterns No. 6 and 
6A, designed to provide feeding of metal from dif- 
ferent sides of the panels, and maintaining the same 
direction of rotation, show no significant difference in 
the flow paterns (see Fig. 52 and 53). 

From the examination of the flow patterns, as re- 
vealed in the radiographs (as shown in Fig. 47 to 49, 
52 to 55, 59), it would seem that the metal injected 
into the mold cavity hits the opposite mold wall and 
is forced to flow back, against the action of the cen- 
trifugal force. In this backward movement, to the 
*As proposed by N. Janco in “Calculating Sizes of Gates and 
Risers,” Transactions, A.F.S., vol. 55, pp. 296-300 (1947). “Cool- 
ing factor” is the ratio of the volume of the casting to the 
surface area of the casting subject to cooling, or, in a simplified 
form, the ratio of the area to the perimeter of a cross-section 
of the casting. 

**Castings LE-4E were prepared during an exploratory in- 
vestigation preceding the meeting of the Steering Committee on 
July 31, 1947. 
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Down-tapered sprue; pouring basin nozzle No. 0; spinning speed, 
100 rpm; metal temperature, 695. C; Casting No. 1E. Cross 
sectional dimensions of gates, 1.5 x 34 in. Cross-sectional dimen- 
sions of test panels; 2x14 in. and 6x14 in. Ratio of cross-sectional 
area of gates to cross-sectional area of panels: 

for test panels 2x1 in. is 0.56 

for test panels 6x1% in. is 0.187 
Cooling Factors: 

for test panels 2xl% in. is 0.2 

for test panels 6x14 in. is 0.23 

for the gates 1.5x3% in. is 0.15 


Fig. 5}0—Pattern No. 1E (Experimental) 


sides and the center of the cavity, the colder metal par- 
ticles hit the stream of fresh metal entering the mold 
cavity from the gate, and cause additional flow dis- 
turbances. Crystallization of these colder particles, 
dispersed all over the mold cavity, and formation of 
bridges of solid crystals prevent inward radial solidifi- 
cation and cause considerable porosity of the casting. 

Radiographs of castings having increased cross- 
sectional dimensions of the gates (Fig. 50 and 51) 
show less flow turbulence and no signs of backward 
flow of the metal. 

Spinning Speed—The effect of the spinning speed on 
the pattern of flow disturbance inside the mold cavity 
is shown, to some extent, in Figs. 47 and 54 to 58. 

The flat surfaces of panel A of Casting No. 73 (Fig. 
55) were machined to avoid the effect of surface im- 
perfections on the radiograph. 

Examination of the radiographs indicates that test 
panels cast at higher spinning speeds show both con- 
centration of porosity and inclusions further inside 
the mold cavity. Large accumulations of porosity are 
visible around the ingates (Fig. 47, 54 to 57) and areas 
of microporosity are located further to the center and 
towards the opposite walls of the test panels. A lower 
initial spinning speed (125 rpm) during the pouring 
of the metal, showed no difference in the metal flow 
pattern (Fig. 55 and 56). This was to be expected 
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Down-iapered sprue; pouring basin nozzle No, 0; spinning speed, 
400 rpm; metal temperature, 680 C; Casting No. 3E. Cross- 
sectional dimensions of gates: 2x34 in. Cross-sectional dimensions 
of test panels: 4x34 in. and 6x34 in. Ratio of cross-sectional area 
of gates to cross-sectional area of panels: 

for test panels 4x34 in. is 0.25 

for test panels 6x34 in. is 0.167 
Cooling Factors: 

for test panels 4x34 in. is 0.315 

for test» panels 6x34 in. is 0.333 

for the gates 2x%% in. is 0.168 


Fig. 51—Pattern No. 3E (Experimental) 


because of the predominant effect of the unfavorabl 
gating arrangement, already mentioned. 

Casting No. 74, poured into a stationary mold with 
progressively increasing spinning speed from 0 to 900 
rpm, shows marked improvement in general appear- 
ance, but the pattern of flow is still visible and un- 
soundness, though reduced, extends nearly to the 
farthest end of the test panel (Fig. 57). 

A static casting, made using pattern No. 7B, shows 
(Fig. 58) that radial and straight arrangement of the 
gates does not provide good conditions for steady and 
proper filling, even in a static casting. Although there 
is no evidence of disturbed flow, some small shrinkages 
and oxide inclusions dispersed throughout the casting 
provide evidence of oxidation of the metal during its 
flow through the up-tapered sprue. 

Filling Ratio—A proper filling ratio plays, undoubt- 
edly, an important part in affecting the oxidation rate 
of the metal in the mold cavity. It did not, however, 
show any significant effect on the soundness of castings 
in this part of the investigation. Figures 54 and 59 
reveal very slight difference in the general pattern of 
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Straight sprue; pouring basin nozzle No. 0; spinning speed, 
400 rpm; metal temperature 665 C; clockwise rotation; Casting 
No. 25 
; « 

Fig. 52—Pattern No. 6A. 





Straight sprue; pouring basin nozzle No. 0; spinning speed, 
390 rpm; metal temperature, 680 C; clockwise rotation; Casting 
Vo. 28. 


Fig. 53—Pattern No. 6. 


flow turbulence. It appears that there is less evidence 
of oxide inclusions in Casting No. 70, cast using the 
largest size pouring basin, than in Casting No. 50, cast 
using the smallest size. (Total area of gates the same 
for both castings.) This could be expected, as the 
application of a larger pouring basin nozzle provides 
a better filling condition for sprue and gates cavities. 
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Fig. 56—Panel B. Pattern No. 1. Cap- Straight 


tion same as for Fig. 55. 


CENTRIFUGAL CASTING ALUMINUM ALLoy, 





temperature, 675 C; Casting No. 74. 





Straight sprue; pouring basin nozzle No. 0; 
spinning speed, 605 rpm; metal temperature, 
680 C; Casting No. 50. 


Fig. 54—Pattern No. 1 


Oxidation is therefore restricted only to the contact 
of the metal with the air aspired from the sand sur- 
rounding the sprue passage and with the air entrapped 
inside the mold cavities. 


Fig. 55—Panel A; Pattern No. 1. 


Straight sprue; pouring basin nozzle No. 2; spinning speed, 
125 rpm, accelerated to 600 rpm in 45 sec, final speed, 800 rpm; 


> 


metal temperature, 690 C; Casting No. 73. 





Fig. 57—Pattern No. 1. 


Geometrical Arrangement of Mold Cavities 


The geometrical arrangement of the mold cavities 
in relation to the gates has considerable influence on 
the flow of metal in filling the mold cavities. Figures 
60 to 64 show the radiographs of test panels cast verti- 
cally according to patterns No. 8-10 (Figs. 39 to 41). 

Examination of the results obtained in these experi- 
ments shows that the vertical arrangement of the test 


Fig. 58—Pattern No. 7B. 


Up-tapered sprue support; parabolic shape of sprue; pouring 
basin nozzle No. 0; stationary casting; metal temperature, 690 C; 
Casting No. 43. 


sprue; pouring basin nozzle No. 3; 
pouring into static mold, accelerated to 0600 
rpm in I min, final speed, 900 rpm; metal 
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Straight sprue; pouring basin nozzle No. 1; Straight sprue; pouring basin nozzle No. 3; Straight sprue; pouring basin nozzle No. 1; 
3 spinning speed, 597 rpm; metal tempera- Spinning speed, 631 rpm; metal tempera- spinning speed, 609 rpm; metal tempera- 
00 ture, 670 C; Casting No. 70. ture, 680 C; Casting No. 75. Dark areas ture, 680 C; Casting No. 78. Dark area in 
the middle of the test panel shows surface 


extending up and down from the middle of 


Fig. 59—Pattern No. 1. the test panel show surface depressions depression by 
caused by shrinkage during solidification. 


shrinkage during  solidifi- 
cation. 


Fig. 60—Pattern No. 8. Fig. 61—Pattern No. 9. 
persed throughout the panels, but the general appear- 
ance of the radiographs shows a marked improvement 
over test panels cast horizontally (Fig. 55). 


panels improves definitely the general soundness of 
the castings. Large black areas located above and be- 
low the gate entrances in Fig. 60 and 62 are due to lack 
of proper feeding during solidification. Some signs of lite ot dhs ein, 
turbulent filling are visible in Fig. 61 and 63. Results 
obtained in the radiographic evaluation of test panels, 
machined on both flat surfaces (approximately 14, to 
1% in. on each side), show lack of the characteristic 
pattern of metal flow disturbances (Fig. 62 and 64). 
Microporosity and some oxide inclusions are still dis- 


The adaptability of light alloys to centrifugal cast- 
ing is adversely affected by the following characteris- 
tics: 

a. Low density of the metal, 
b. Chemical reactivity of the metal, and 


Fig. 62—Pattern and other conditions as on Fig. 61. Fig. 63—Pattern No. 9. 
Siraight sprue; pouring basin nozzle No. 1; spinning speed, 


Test panel machined to remove effect of surface imperfections 
754 rpm; metal temperature, 680 C; Casting No. 79. 


on radiograph. Casting No. 78. 
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Straight sprue; pouring basin nozzle No. 1; spinning speed, 

415 rpm, increased to 600 rpm in 15 sec, final speed, 700 rpm; 

metal temperature, 695 C; Casting No. 82. Test panel machined 
to remove the effect of surface imperfections on radiograph. 


Fig. 64—Pattern No. 10. 


c. Difficulty of separation of metal oxides 
of almost equal] density as the metal. 

Theoretical considerations and practical experience 
both show that the production of sound centrifugal 
castings with improved mechanical properties depends 
on the maintenance of a sufficiently high internal 
(hydrostatic) pressure. The magnitude of internal 
pressure for a casting of a certain shape is affected by 
the density of the liquid metal and the spinning speed. 
It is therefore obvious that for low density alloys high 
spinning speeds must be used to obtain proper internal 
pressures. High rotational speeds cause high linear 
velocities of the liquid stream, resulting in turbulent 
flow of the metal in the feeding passages and moid 
cavities. 

Turbulent flow of metals of high chemical reactivity 
causes progressive oxidation of the metal due to con- 
tinuous breaking of the protective oxide film and 
exposing of fresh metal particles to air. The difficulty 
of separation by centrifugal action of metal oxides 
and other inclusions of almost equal density as the 
metal itself results in the dispersion of the oxide in- 
clusions throughout the casting following the general 
pattern of flow disturbances during the filling of the 
mold cavity. 

It is logical, that the only way to avoid oxide in- 
clusions in centrifuged castings is to create mold filling 
conditions which will prevent any oxidation of the 
metal. Undisturbed and steady flow into the mold 
cavities, and adequate feeding of the casting during 
solidification, are, therefore, as in all casting methods. 
the major factors affecting the quality of centrifuged 
castings. 

Proper metal flow conditions are essential to obtain 
inward radial solidification of the metal starting from 
the periphery of the casting. Any disturbances within 
the moid cavity (e.g., jet-like influx of the metal, 
splashing in striking the opposite mold wall, secondary 
flows toward the center and sides of the mold cavity, 
etc.) will affect adversely the radial and progressive 
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solidification and will result in local porosity, shrink- 
age cavities, and other defects. 

Results of radiographic examinations show th it 
further research work on the centrifuging techniqiie 
should be carried out to study both the metallurgic.il 
and the hydraulic aspects of the problem. In this con- 
nection, the investigation should be divided into two 
stages: 

First Stage: Study of the fluid per'ormance of 
liquids during the filling of a rotating mold. 

Second Stage: Study of the solidification mechanisin 
after the mold is filled. 

The first stage of the proposed investigation would 
consist mainly of a study of fluid dynamics and in- 
cludes two phases of the centrifuging process: 

A. The initial phase (static casting) as affected by 
the pouring technique and sprue geometry. Problems 
of metal flow in this phase are already included in 
the research project on fundamentals of fluid flow in 
molds, conducted at the Battelle Memorial Institute, 
Columbus, Ohio, under the sponsorship of the Alumi- 
num and Magnesium Division, American Foundry- 
men’s Society.* 

B. The second phase (centrifuging of the liquid 
metal) as afjected by the geometry of gates and mold 
cavities in rotating molds. Flow phenomena in this 
phase are related to spinning speeds, geometrical ar- 
rangements of gates and mold cavities, dimensional 
relations of gates and mold cavities, mold material, 
venting, use of screens, etc. It is proposed to conduct 
a small-scale investigation on the effect of these fac- 
tors on the fluid dynamics of liquids at room tempera- 
ture, using transparent molds. 

The second stage of the investigation, connected 
with the third phase of the centrifuging process (so 
lidification of the metal after the mold is filled), 
would be based on the results obtained in the first 
stage. This study will include the effect of mold filling 
ratio and pouring temperatures on the mechanism ol 
solidification and will allow the establishment of opti- 
mum conditions for a steady and undisturbed flow, 
adequate feeding, and inward radial solidification of 
the metal in centrifuged castings. 


Conclusions 


The preliminary investigation on sprue and gating 
designs established by the Steering Committee showed 
the difficulty of avoiding metal turbulence and the 
resulting unsoundness of the test panels. 

Promising results in reducing metal disturbance 
inside the mold cavities were obtained using down- 
tapered sprue shapes and vertical arrangements of the 
test panels. 

Promising results in reducing metal disturbance 
inside the mold cavities were obtained using down- 
tapered sprue shapes and vertical arrangements of the 
test panels. 

It is considered that further development of the 
centrifuging method depends on a systematic study of 


*“Study of the Principles of Gating,” by R: E. Swift, J. H 
Jackson and L. W. Eastwood, Transactions, A.F.S. vol. 57, p 
76, 1948) . 
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the fluid flow and the solidification mechanism in 
rapidly rotating molds. 

Some small-scale experiments on further changes 
of the gate design on actual castings will be continued. 
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